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Pulses play an important role in the lnd<an agriculture. They'dre^^rich source of protein, 
minerals and vitamins, constituting nearly 20-36% Source of dietary prote^, they play an important 
role in rectifying the malnutrition. Pulse cultivation also improves the;jfertility of soil through 
biological nitrogen fixation that results in enrichment of soil by 20-60. kginitrogen per hectare for 
the succeeding crop to be grown in the field. Pulses can also^be cultivated under rainfed condition 
on marginal lands with minimum inputs. Pulses do fit well in crop rotation, mixed or intercropping 
under varied condition. 
Currently dozen of pulses are grown in India and around the world. Chickpea is a major 
source of human and animal food and the world's third most important pulse crop after beans and 
peas. During the last, several years fusariatwilt has become a serious constraints in the cultivation 
of chickpea and the disease have been responsible for about 10-15% yield loss annually. In the year 
of severe epidemics, the crop loss may rise upto 60-70% or may destroy the entire crop in a field. 
Root-knot nematode, Melodogyne spp. Is an other commonly occurring pathogen of chickpea and 
may reduce the yield by 9-40%. The concomitant situation involving Meloidogyne sp. and 
Fusarium sp. leading to the development of wilt disease complex is, however, more damaging. The 
wilt disease complex is one of the contributing factors, in the recent decline in chickpea production 
in India. Because of the seriousness of the disease and non-effectiveness of fungicides available 
many farmers have given up the cultivation of chickpea. Management of plant diseases caused by a 
single pathogen itself is not any easy job; it becomes further difficult for disease complexes, which 
are caused by two or more pathogens. When a pesticide is applied, it is targeted either against the 
wilt flingus or root-knot nematode, consequently the disease remains unchecked. In view of failure 
of chemicals, high cost of application and adverse effects, biological control offers potential 
substitute for the management of wilt, root-knot and the resuhing wilt complex of chickpea. 
It was therefore proposed to carry out a systematic and detailed study to test various 
biocontrol agents of the disease complex by selecting them on the basis of their target pathogens. 
To control wilt disease complex, different strains off. harzianum, T. virens (target: F. oxysporum f 
sp. ciceri and may also Meloidogyne spp.), Pochonia chlamydosporia (target: Meloidogyne species) 
and Bacillus subtilis and P. Jluorescens (target: Fusarium and Meloidogyne) were evaluated to 
develop an effective biocontrol module for the management of wilt and root-knot of chickpea 
caused by F. oxysporum f sp. ciceri and M incognita singly and jointly. The study was started with 
the procurement of the standard isolates of Trichoderma harziarum, T. virens, Pochonia 
chlamydosporia. Bacillus subtilis and Pseudomonas fluorescens from different sources and 
isolation of local isolates from different fields . The antagonist were cultured in vitro. Selection of 
specific strain of Trichoderma harzianum and T. virens was done by performing bait test. Relative 
antagonism of/*, chalmydosporium isolates against root knot nematode, M incognita was tested on 
its effect in inhibiting root penetration of the juvaniles in plastic cups to relative antagonism of 5. 
subtilis and P. fluorescens was tested against F. oxysporum f. sp. ciceri and M. 
incognitachlamydosporia. 
Out of the different industrial and agricultural materials tested like com and wheat grain, 
oat kernel, corn cob, corn and wheat meal, baggasse-soil, husk-sand, corn-cob sand mixture (4:1), 
saw dust, inert charcoal, fly ash, diatomaceous soil, compost, leaf-litter and mustard cakes for the 
mass production of biocontrol bacteria and fungi. Baggasse-soil molasses (BSM) mixture 
supported greatest multiplication of the Trichoderma species, hence it was used in the study for soil 
application of the mycoparasites. The baggasse-soil and 5% molasses were mixed in the ratio of 
4:1:2.5. Greatest multiplication of P. chlamydosporia was recorded on leaf litter molasses mixture 
(LLM) which was used to mass culture the antagonist. The biocontrol bacterial were mass cultured 
on nutrient broth for application in soil or on seeds. 
Effectiveness of the biocontrol fungi and bacteria against the target diseases on chickpea 
was first examined in 15 cm clay pots filled with 1 kg sterilized field soil and compost (3:1 ratio). 
The pathogens were inoculated in the form of 2 g sorghum seeds colonized by F. oxysporum f sp. 
ciceri (21x10° CFU/g) and/or nematode suspension containing 2000 freshly hatched juveniles (J2) 
of M. incognitaAg soil. The nematode suspension was prepared by incubating egg masses which 
were excised from the eggplants grown in a pure culture pots. The biocontrol fungi were cultured 
on bagasse-soil- molasses mixture (BSM) and leaf litter molasses mixture (LLM), and the 
biocontrol bacteria in nutrient broth. Effectiveness of the two biocontrol agents was compared with 
carbendazim and nemacur. The biocontrol agents and pesticides were applied through soil 
application and seed treatment. For seed treatment the dose was 5 g BSM, LLM or 5 ml broth per 
kg seed, whereas for soil application the dose was Ig baggase-soil-molasses or 1ml broth per kg 
soil. The pathogens were inoculated two days before the soil application of biocontrol agents which 
was done at the time of seed sowing. Five seeds of chickpea, Cicer arietinum cv. BG-256 were 
bacterized with commercial rhizobium (CFU 25x10°) were sown in each pot. The pots were placed 
in an open space receiving uniform sunlight in a completely randomized block design. The plants 
were grown for four months. During this period they were regularly observed for symptom(s) 
attributable to a given treatment. The pots were watered regularly with tap water and adequate 
moisture was maintained till harvest, four months after sowing. 
Inoculation with F. oxysporum f sp. ciceri caused wilting which appeared on one and a half 
month old plants and it gradually intensified during vegetative growth. Some emerging seedlings in 
a pot succumbed to the fungus infection. Chickpea cv. BG-256 was also found susceptible to 
infection by M. incognita and developed characteristic root galls. Concomitant inoculation with 
both the pathogens resulted to increased wilting but lesser root galls (P< 0.05). The infected plants 
exhibited significantly reduced plant growth, yield and root nodulation. Application of biocontrol 
agents checked the suppressive effect of the pathogens resulting to corresponding increase in the 
plant growth and yield variables but to a varying extent. Treatment with Trichoderma spp. or 
carbendazim decreased the wilting by 64 to 67% and increased the yield of chickpea by 46 to 49%. 
Application of P. /luorescens resulted to 51% wilting less than the control and 5S% greater yield in 
chickpea (P< 0.05). Treatments with P. chlamydosporia or P. Jluorescens were more effective 
against root-knot disease and increased the grain yield of chickpea by 31 to 42% over inoculated 
control. Nemacur treatment was also significantly effective. Application of P. Jluorescens was 
relatively more effective than other biocontrol agents in promoting the yield of plants inoculated 
concomitantly with F. oxysporum f sp. ciceri and M incognita. The treatment decreased the wilt 
severity by 6\%. Other biocontrol agents used also checked the disease and improved the yield of 
infected plants but less than P. Jluorescens. Soil population of pathogens and biocontrol agents 
increased over time. In concomitantly inoculated pots, population of wilt fungus increased 
significantly but nematode population decreased {P< 0.05). Application of biocontrol agents or 
pesticides resulted to significant decrease in the soil population of wilt fungus and root-knot 
nematode with the corresponding increase in the population of biocontrol agents. 
On the basis of performance of biocontrol agents in pot experiment, T. harzianum, P. 
chlamydosporia and P. Jluorescens were found more effective against the target diseases, and hence 
of above three biocontrol agents singly and in all the possible combinations were tested further 
under field condition against wilt, root-knot and wilt disease complex on chickpea. The whole plot 
was divided into three sub-plots each of 55x15m. In two sub-plots, treatments of soil and seed 
application, and in the third sub-plot control treatments were maintained. For each treatment, three 
microplots (replicates) were maintained which were randomly arranged in the field. Inoculum of F. 
oxysporum f sp. ciceri (sorghum colonized seeds) and M incognita (second stage juvenile 
suspension) was applied in soil @ 1.5 g colonized sorghum seeds or 2000 juveniles/kg soil two 
3 
days before seed sowing. The biocontrol agents, T. harzianum and P. chlamydosporia were mass 
cultured on bagasse-soil-molasses mixture and leaf litter molasses mixture whereas P. fluorescens 
on nutrient broth. The soil treatments @ 40 g or ml/microplot were applied at the time of seed 
sowing. Seed treatment with the biocontrol agents @ 5 g or ml/kg seed was given along with the 
rhizobium application. Carbendazim and nemacur were applied @ 1.25 kg a.i./h and 6.0 kg a.i./h as 
soil application, and 2g/kg seed as seed treatment. Thereafter, seeds were sown in three rows in a 
microplot. Adequate moisture was maintained in the soil at the time of sowing. Plants were grown 
for 4 months, two irrigations (as per requirement) were given without over flooding of water from 
microplots to avoid contamination. Soil population of the wilt fungus and biocontrol agents was 
estimated monthly by dilution plate method using Fusarium specific medium, Trichoderma specific 
medium (7! harzianum), semiselective medium {P. chlamydosporia) and King's-B agar {P. 
fluorescens). 
Chickpea plants grown in the fungus and/or nematode infested plots exhibited the characteristic 
symptoms of wilt and root-knot on above ground parts and roots, respectively. Severity of wilt was 
greater in plots inoculated concomitantly with F. oxysporum f sp. ciceri and M incognita. Soil 
application of T. harzianum, P. chlamydosporia and P. fluorescens in combination reduced the wilt 
incidence to 13.4 % to 86% wilting in control. The join treatment, T. harzianum, + P. fluorescens 
was next in effectiveness and resulted against 15.4% wilt incidence % in control. The combination 
of P. chlamydosporia and P. fluorescens was found most effective in supressing galling and egg 
mass production of root-knot nematode. Seed treatments with biocontrol agents was relatively less 
effective than soil application. Concomitant inoculation with wilt fungus and root-knot nematode 
caused significant reduction in plant growth and yield parameters. However applications with 
biocontrol agents checked the suppressive effect of the pathogen and enhanced the plant growth and 
yield. The combined treatment of 71 harzianum + P. fluorescens increased the plant length and dry 
weight of chick pea by 26 and 39%. Greatest increase in nematode inoculated plants was recorded 
with the combination of P. chlamydosporia and P. fluorescens (23-27%o). In concomitantly 
inoculated plants, the conjoint application of three biocontrol agents improved the plant length and 
dry weight by 39% whereas P. fluorescens + T. harzianum by 35 and 60%. Effect of seed treatment 
with biocontrol agents was 10-15% less effective than soil application. The yield in terms of 
number of pods and seeds and weight of seeds/plant was significantly improved by the application 
of all three biocontrol agents used. The combination of T. harzianum + P. fluorescens, P. 
chlamydosporia + P. fluorescens and P. chlamydosporia + P. fluorescens + T. harzianum were 
found highly effective in improving yield of wilt fungus inoculated plants (26.7, 23.7 and 35.8%), 
root-knot nematode inoculated plants (15, 19.7 and 18.4) and concomitantly inoculated plants (29.1, 
46.8 and 58.6%), respectively. The combined treatment with T. harzianum and P. Jluorescem was 
found almost equally effective against the three disease situations. Same effect was observed with 
seed treatment with above combination of biocontrol agents but the effect was 10-20% less than the 
soil application. Application of carbendazim and nemacur, singly or in combination against wilt, 
root-knot, disease complex was effective in checking the disease severity and improving plant 
growth and yield but the effect was significantly less than the biocntrol agents. 
Soil population of the wilt fungus and root-knot nematode increased over time in plots 
without a treatment. The nematode population, however, decreased in the presence of wilt fungus. 
Various treatments applied also caused substantial decrease in the soil population of pathogens. In 
such plots population of biocontrol agents increased correspondingly. Soil application and seed 
treatment of biocontrol agents against the target diseases were more or less equally effective. 
In vitro studies on compatibility of the fungal and bacterial strains with common fungicides 
and nematicides revealed that they were tolerant to 60 ^g carbendazim/ml, 160 ng captan/ml, 225 
fig mancozeb/ml, 980 //g nemacur/ml, 950 |xg furadon/ml, 25 //g thiram/ml and 1050 //g 
metalaxyl/ml {T. harzianum), 40 //g carbendazim/ml, 125 //g captan/ml, 177 ng mancozeb/ml, 9 //g 
thiram/ml, 700 //g nemacur or furadon/ml and 1000 //g metalaxyl/ml {T. virens), 37.5 fig 
carbendazim/ml, 75 fig captan/ml, 100 //g metalaxyl/ml, 5 //g thiram/ml, 250 fig nemacur or 
furadon/ml and 110 jug mancozeb/ml {P. chlamydosporia), 3200 jtg captan/ml, 60 lig thiram/ml, 
600 fig mancozeb/ml, 3500 //g nemacur/ml and 50000 fxg carbendazim/ml {B. subtilis) and 2500 
//g Thiram/ml, 1600 ng mancozeb/ml, 8000 //g nemacur/ml, 7500 |xg furadon/ml and 50000 fig 
carbendazim or captan/ml (P.JIuorescens). 
The study has demonstrated that soil application of T. harzianum and P. chlamydosporia 
may effectively in control wilt and root-knot of chickpea; these biocontrol agents in combination of 
P.JIuorescens further enhanced the growth and yield of chickpea. Combination of either these three 
biocontrol agents or T. harzianum + P. fluorescens has emerged an effective biocontrol treatment 
against wilt, root-knot and disease complex caused by F. oxyssporum f sp. ciceri and M. incognita. 
These biocontrol agents may also be applied in integration with fungicides and nematicides such as 
carbendazim, vitavax, thiram, nemacur, ftiradon etc. as they were found compatible with 
recommended doses of these pesticides. Soil application of the biocontrol agents was found 10-20% 
more effective than seed treatment. But in view of lower dose required, handy to apply and percent 
yield improvement obtained (10-40%), the seed treatment with T. harzianum + P. fluorescens (5 
g/kg seed) may be integrated with routine cultivars practices of chickpea to obtained improved yield 
in areas moderately infested with wilt fungus and root-knot nematode. 
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Pulses are largely valued as food and fodder crop, and play an important role in 
Indian agriculture. They are rich source of protein, minerals and vitamins, constituting 
nearly 20-30% source of dietary protein, they play an important role in rectifying the 
malnutrition. Pulses contain low fat, low sodium, high fiber, no cholesterol and a good 
source of protein and minerals. Pulse cultivation improves the fertility of soil through 
biological nitrogen fixation that results in enrichment of soil by 20-60 kg nitrogen per 
hectare for the succeeding crop to be grown in the field. Pulses can also be cultivated 
under rainfed condition on marginal lands with minimum inputs. Pulses do fit well in 
crop rotation, mixed or intercropping under varied condition. 
Production of pulses is restricted to Asian countries and to a large extent 
particularly in the Indian sub continent. Apart from India some other pulses producing 
countries are: Myanmar, Brazil, Pakistan, Canada, Australia,Turkey, US and Tanzania. 
Over the years, India has the distinction of being largest producer and consumer of 
pulses in the world. India grows a variety of pulse crops under a wide range of agro-
climatic conditions which account to 25-28% of the total global production. However, 
net per capita availability of grain pulse in India is much less than that recommended by 
WHO for developing countries i.e. 80kg/capita/day. The recent net availability of pulses 
has fallen to 35.9%/capita/day from 60.7g/capita/day. The decline is apparently due to 
shift of pulse cultivation to other cash crops like cereals and oilseeds. Among the dozen 
of pulse crops grown in India, chickpea {Cicer arietinum L.), green gram (Vigtia radiate 
(L.)Wilczek), lentil (Lens culinaris, medic), black gram (F. mungo (L) Hepper), pigeon 
pea (Cajanus cajan L)and pea (Pisum sativum L.) are most important with regard to 
production and consumption. Chickpea along with pigeon pea occupy 60% of the total 
area (231 mh) under pulse cultivation and contribute about 70% of the total production 
in India (13.8 million tons). The major pulses growing states in the country are Madhya 
Pradesh, Uttar Pradesh, Rajasthan, Maharashtra, Orissa, Bihar, Andhra Pradesh, 
Haryana, Gujarat, Karnataka, West Bengal and Tamil Nadu. Chickpea ranks first in 
terms of production (5.1 million tons from 6.68 mh of area). 
Soft and succulent foliage and nutritive grains and pods of chickpea provide 
ideal conditions for feeding and shelter to a large number of pathogens and pests. 
Probably for this reason, pulses in general and chickpea in particular are attacked by a 
wide spectrum of fungi, bacteria, virus and nematodes (Khan, 2008). Some of the 
common example of serious and frequently occurring fungal diseases of chickpea are 
wilt {Fusarium oxysporum f. sp. cicerf), aschochyta blight {Aschochyta rabiei), and 
grey mold {Botryiis cinerea) of chickpea. During the last, several years fusarial wilt has 
become a serious constrains in the cultivation of chickpea the disease have been 
responsible for about 10-15% yield loss annually and in the year of severe epidemics, 
the crop loss may rise upto 60-70% (Jalali and Chand, 1992). Nematodes especially root 
knot nematodes, Meloidogyne spp. are another group of pathogens that are highly 
prevalent on the roots and inflicts considerable damage to chickpea under tropical and 
subtropical climates (Ali et ai, 2010). Majority of chickpea cultivars commonly grown 
in India are susceptible to infection by Meloidogyne species. M incognita is the most 
commonly occurring species, which may cause 8-35% yield loss to the crop (Upadhyay 
and Deivedi, 1987), or 31 - 40% (Reddy, 1985). 
In addition to direct damage, plant parasitic nematode in general and root-knot 
nematodes in particular synergies several fungal and bacterial plant pathogens leading 
to development of disease complex (Khan, 1993). Wilt disease complex a commonest 
disease of chickpea is caused by Fusarium oxysporum f. sp. ciceri and Meloidogyne 
spp. (Webster, 1979). In North Indian state the wilt disease complex has become a 
serious problem in chickpea cultivation and is difficult to manage (Khan and Khan, 
1998). Because of this disease, many farmers have given up the chickpea cultivation. In 
view of the prevalence of fusarial wilt, root knot disease complex and the enormity of 
yield loss, they cause to chickpea several cultural and physical methods of disease 
management are being employed to keep the pathogen population below economic 
threshold level but these methods are slow in action and takes longer time to control the 
pest problem. Thus, the farmer has to relay on chemical control, which is quick in 
action and easy to incorporate. However, their application leads to emergence of serious 
environmental and health problems. Fungicidal residues persist in soil, contaminate the 
water table, plant parts and cause various adverse effects on non target organisms. For 
these reasons, several efficacious fungicides and nematicides once considered integral 
part of disease management have been banned for use in crop production and has 
disappeared from the market. 
Consequently, these situations have compelled the researchers to reconsider and 
explore some non-chemical methods of pest and disease management, and to 
understand the role of soil microorganisms in sustainable crop production. Among 
alternatives available, biological control offers a method of improving crop production 
within existing resources, without a risk of environmental degradation and pest 
resurgence. Biological control strategies are highly compatible with the sustainable 
agricultural practices and conserve natural resources. Bio-managment involves the 
reduction in pathogen population through the activity of another living organisms 
(antagonists). It may also be explained as the reduction in the population of 
disease/damage causing activity of a pest or a pathogen in its active or dormant state by 
mass introduction of antagonist(s). In more broader and scientific way, a reduction in 
pathogen population or disease severity accomplished through the action of living 
antagonists which occur naturally by manipulating their environment or through 
introduction of living organism or their products (Khan, 2007). The organism 
(antagonist) that suppresses the pathogen or the pest population is known as the 
biological control agent (BCA). More broadly, the term biological control has been 
applied to the use of the natural products extracted or fermented from various sources, 
these formulations may be simple mixture of natural ingredients with specific activities 
on the host as well as the target pest and the pathogen or a complex mixtures with 
multiple effects on the host as well as target pest or pathogen. 
Significance of mycoparasties in the management of plant pathogenic fungi has 
been well realized. Mycoparasites are the microorganisms which parasitize fungi. Most 
of the efficient mycoparasites belong to the genus Trichoderma such as T. harzianum, 
T. viride, T. (= Gliocladium) virens, T. knongii, T. hamatum, T. pseudokoningii which 
have been found quite effective against soil borne pathogens like Fusarium spp., 
Pythium spp. Rhizoctonia solani, Macrophomina phseaolina etc. (Papavizas, 1985). 
Some strains of Trichoderma have been reported to colonize the roots of the plant as 
avirulent mycorrhizal fungi these fungi produce compounds that stimulate plant growth 
and defense mechanisms (Harmen et al, 2004). Soil application or seed treatment with 
T. harzianum, T. hamtum or T. virens can control root rot of chickpea (Selvarajan and 
Jeyarajan, 1996; Gowrily et al., 1995), wilt of chickpea (Khan et al., 2004), egg plants 
(Khan and Gupta 1998) etc. Application of T. harzianum effectively controlled 
Thielaviopsis paradoxa on pine apple (Wijesinghe et al., 2009) and F. oxysporum and 
Macrophomina phaseolina on grapevine (Riad et al., 2010). In recent years suppressive 
effects of Trichoderma spp. have also been recorded on plant nematodes (Khan, 2007). 
Application of T. harzianum and T. viride resulted to satisfactory control of reniform 
and root-knot nematodes (Bokhari and Fardos, 2009). 
Pseudomonas fluorescens has been reported as the most versatile plant growth 
promoter and possesses great antagonistic potential. The bacterium has been used as an 
effective biocontrol agent against certain plant pathogens (Marek-kazaczuk and 
Skorupska, 2001, Kishore et al, 2005). Different strains of PGPR induced systemic 
resistance to fungal, bacterial and viral pathogens. P. fluorescens when used alone and 
in different combinations against bacterial wilt of tomato caused by Rhizoctonia solani, 
anthracnose of long cayenne pepper caused by Colletotrichum gleosporiodes, damping 
off of green kuang futsoi caused by Rhizoctonia solarn and cucumber mosaic virus 
(CMV) on cucumber (Kanchalee and Joseph, 2002). A micro plot study revealed the 
seed treatment of chickpea seeds with a non pathogenic strain of Fusarium and 
fluorescent Pseudomonas showed maximum seed germination and disease inhibition as 
compared to control against Fusarium oxysporum t sp. ciceri (Kaur et al, 2007). 
Application of P. fluorescens has resulted to significant control of downy 
mildew in pearl millet (Umesha et al. 1998), fusarial wilt of radish (Leeman et al, 
1995) and tomato (Khan and Akram, 2000, Khan and Khan 2002). Siddiqui et al (2007, 
2009) studied the root-rot disease complex caused by Meliodogyne and Macrophomina 
Phaseolina and reported that the applications of Aspergillus awamori, P. aeruginosa 
(isolates Pa28) and Glomus intraradices increased the plant growth, pod number, 
chlorophyll, nitrogen, phosphorus and potassium contents, and reduced galling. 
nematode multiplication and root-rot index on chickpea. Nandakumar el. al (2001) have 
reported that two strains of P. fluorescens, PFl and FP7 being very effective in 
inhibiting the mycelial growth and inducing systemic resistance against sheath blight 
fungus Rhizoctonia solani. Salam et al. (2007) have reported the antagonistic effect of 
four Bacillus, Pseudomonas spp. and E. cloacae against F. oxysporum. Seed treatment 
with P. fluorescens controlled the wilt of tomato under glasshouse condition 
(Manikandan et al, 2010) 
A large number of fungi and some bacteria have been tested for their 
suppressive effects against plants parasitic nematodes (Tribe, 1980, Khan, 2005). These 
microorganisms antagonize nematodes through parasitism or predation. Predacious 
fungi such as Arthrobotrys oligospora, Dactylaria Candida, Monachrosporium spp. etc. 
kill nematodes by trapping and later invading them however, the activity is very slow 
under natural conditions (Khan, 1997). Important fungi that parasitize nematodes are 
Logenidium caudatum, Paecilomyces lilacinus, Pochonia chlamydosporium etc. These 
fungi may provide nematode control that can be exploited commercially. Some 
microorganisms suppresses nematodes population through the mechanism other than 
parasitism or predation. These organisms produce metabolites toxic to nematode or may 
make the host plant stronger enough to tolerate plant pathogens or induce resistance. 
The phosphate-solubilizing microorganism (PSMO) Bacillus subtilis, B. polymyxa, 
Pseudomonas fluorescens, P. stutzeri etc. may control nematode infestation in crops this 
way (Schroth and Hancock, 1982; Pandey and Kumar, 2002). Various antibiotics such 
as bulbiformin {B. subtilis), phenzaine {P. fluorescens) are produced by certain PSM, 
which may cause toxicity to nematodes, leading to disease suppression. 
Application of B. subtilis and P. putida with cattle manure suppressed the 
reproduction of M incognita and greatly improved the plant growth of tomato (Siddiqui 
and Kazuyoshi, 2009). Pochonia chlamydosporia is an other important parasite of plant 
nematodes, its application may result to good control of Meloidogyne spp. (Niu et al., 
2010). Chlamydospores of the fungus when applied to the soil caused more than 50% 
reduction in the population of M hapla (Siddiqui et al., 2009). Satisfactory control of 
root knot nematode has been recorded with the application of P. chlamydosporia on 
papaya (Kumar, 2009) and ornamental (Khan et al., 2005). 
Management of plant diseases caused by a single pathogen itself is not any easy 
job; it becomes further difficult for disease complexes, which are caused by two or 
more pathogens. Little efforts have been made of taking systematic approach to achieve 
biocontrol of disease complexes. The diseases of complex etiology can by effectively 
controlled if biocontrol agents are selected with regard to targeting all pathogens 
involved in the complex. For instance, in a root-knot disease complex caused by 
Rhizoctonia solani and Meloidogyne spp., the antagonist used should attack and 
antagonize both the pathogens. If such a microorganism is not available, combination of 
two or more biocontrol agents can be applied for the management of disease complex. 
Moreover, the concept of application of two or more microorganism is more relevant to 
natural condition as in nature a consortium of microorganism occur and act in providing 
natural check on soil borne pathogens (Khan, 2007) 
Wilt disease complex of chickpea is one of the serious and common diseases in 
chickpea growing regions in India and other tropical and subtropical countries (Khan, 
2005). Because of the seriousness of the disease and non-effectiveness of fungicides 
available many farmers have given up the cultivation of chickpea. The wilt disease 
complex is one of the contributing factors, in the recent decline in chickpea production 
in India. Development of an effective biocontrol strategy will have an immense 
practical value, it is therefore proposed to carry out a systemic and detailed study to test 
various biocontrol agents of the disease complex by selecting them on the basis of their 
target pathogens. To control wilt disease complex, different strains of T. harzianum, T. 
virens (target; F. oxysporum f. sp. ciceri and may also Meloidogyne spp.), Pochonia 
chlamydosporium (target: Meloidogyne species) and Bacillus subtilis and P. fluorescens 
(target: Fusarium and Meloidogyne) were evaluated to develop an effective biocontrol 
module for the management of wilt and root-knot of chickpea caused by F. oxysporum 
f. sp. ciceri and M. incognita singly and jointly. Effects of suitable combinations of 
biocontrol agents were also examined. Development of a reliable biocontrol strategy 
against the disease complex is immensely needed, as the existing methods do not 
provide satisfactory control of the disease. This contribution will help in increasing 
chickpea production and subsequently may prevent malnutrition of poors because of 
non-availability of pulse protein. To attain this daunting objective extensive and 
exhaustive research was carried out over the period of four years under pots and field 
condition, and following experiments were conducted . 
1. Isolation and characterization of strains of Trichoderma virens, T. harzianum, 
Pochonia chalmydosporium. Bacillus subtilis and Pseudomonas Jluorescem. 
2. In vitro evaluation of the biocontrol agents for antagonism against Fusarium 
oxysporum f sp. ciceri and Meloidogyne incognita. 
3. In vitro studies on compatibility of the biocontrol agents with common fungicides and 
nematicides. 
4. Evaluation of different industrial and agricultural materials for mass production of 
biocontrol bacteria and fungi. 
5. Effect of seed and soil application of crude formulations of T. virens, T. harzianum, P. 
chlamydosporia, B. subtilis and P. fluorescens on wilt {Fusarium oxysporum f sp. 
ciceri ) , root-knot nematode (Meliodogyne incognita) and wilt disease complex 
(Fusarium oxysporium f.sp. ciceri and M. incognita) on chickpea under pot 
conditions. 
6. Field trial to investigate the effectiveness of crude formulations of the selected 
biocontrol agents viz. T. harzianum, Pochonia chalmydosporia, Pseudomonas 
fluorescens singly and in combination through seed and soil application against wilt, 
root-knot and wilt disease complex of chickpea. 
Review of literature 
Pulses play an important role in the Indian agriculture. They denote a complete 
source of food energy for centuries all over the world. They are ever rich in protein and 
constitute the staple food for poor people. In India, pulses are the main source of protein 
in the diet of both rich and poor because of vegetarian dietary habit of majority of the 
population. Pulses foliage and grains are also used to feed catties. 
Pulses sustain the productivity of the cropping system by improving the physical, 
chemical and biological properties of soil and function as mini nitrogen factory. Their tap 
root system open deep into the soil which improves aeration. The heavy leaf drop 
increases the organic matter content of the soil. Pulses have an inherent quality to trap 
moisture from the lower strata of the soil. Due to this drought tolerant character they fits 
well in rainfed environment. The cultivation of pulses also helps in protecting the 
environment from the risk or high input of chemical fertilizer. It is generally found that 
they usually fix 30-40 kg nitrogen/h through symbiosis with nodule forming bacteria 
(species of Rhizobium, Bradyrhizobium etc.) for the succeeding cereal crop and 
improving soil health (Chaturvedi and All 2002). It is generally found that introduction of 
pulses in cereal based cropping system such as rice-wheat, sorghum/maize-wheat, 
sorghum/pearlmillet-wheat and rice-rice adds sustainability to these system by ensuring 
both nitrogen and improving crop health. Thus, they are farmer's first choice in a fragile 
environment and poor farm resources. 
Area and Production of Pulses 
Pulses occupy an area of 68.32 million ha and contribute 57.51 million tons to the 
world's food basket. India has the distinction of being the largest producer of pulses in 
the world, sharing 35.2% acreage and 27.65% tonnage (Chaturvedi and AH, 2002). 
Highest production of pulses was recorded in 1999 (14.91 million ha.). And this year also 
the production has decreased by 3.28 million tones with area under pulses cultivation 
being 20 million ha 
Pulse Production in India 
Currently, around a dozen of pulses are grown in India. However, the most 
important ones with regard to tonnage and nutrition value are chickpea (Cicer arietinum), 
pigeon pea {Cajanus cajan) mungbean (Vigna radiate), black gram {Vigna mungo), lentil 
{Lens culinaris), cowpea {Vigna unguiculata), pea {Pisum sativum) and soy bean 
{Glycine max). 
Chickpea production in India 
Chickpea and pigeonpea are the most important of all the pulses grown in the country. In 
India chickpea is currently grown on 6.67 million hac of land with a production of 5.3 
million tons which is 32% of the area and 42% of the national production. In the year 
2000, the area under pulses cultivation was 6.31 
million hac. With a total production of 5.08 m tones and the yield being 806 kg/ha. 
During the year 2000-01 the area under pulses cultivation decreased to 4.88 million ha 
i.e. 22.7% with a total production of 3.39 million tons (33.3% decrease) and productivity 
being 694kg/ha. (Anonmous, 2002). The major pulses growing states are M.P., U.P., 
Maharashtra, Orissa, A.P., Haryana, Tamil Nadu, West Bengal and Punjab. At present, 
these states contribute about 79% production from 80% of the area. 
Origin and domestication 
Chickpea {Cicer arietinum L.) is one of the oldest pulse crops domesticated in the World 
ca 7000 years ago. Its most probable region of origin is South East Asia especially like 
Turkey and Syria. Three wild annual Cicer species viz., C. bijugum, C. echinospermum, 
and C. reticulatum, closely related to chickpea, cohabit with the cultivar in these areas. 
Chickpea is cultivated from the Mediterranean basin to the Indian sub-continent and 
Southward to Ethiopia and the East African highlands. It has been introduced to the 
Americas and gained popularity especially in Mexico. However, the crop assumed 
greatest significance in Indian subcontinent. 
Uses of chickpea 
Chickpea is valued for its nutritive seeds with high protein content 25.3-28.9% 
after dehulling (Hulse, 1991). Chickpea seeds are eaten fresh as green vegetables, 
parched, fried, roasted and boiled; as snack food, sweet and condiments; seeds are ground 
and the flour can be used as soup, dhal and to make bread; prepared with pepper, salt and 
lemon it is served as a side dish (Saxena 1990). Dhal is the split chickpea without its seed 
coat, dried and cooked into a thick soup or ground into flour for snacks and sweetmeats 
(Saxena, 1990; Hulse, 1991). Sprouted seeds are eaten as a vegetable or added to salads. 
Young plants and green pods are eaten like spinach. A small proportion of canned 
chickpea is also used in Turkey and Latin America, and to produce fermented food. 
Animal feed is another major use of chickpea in many developing countries. Gram husks, 
and green or dried stems and leaves are used for stock feed; whole seeds may be milled 
directly for feed. Leaves are said to yield an indigo like dye. Acid exudates from the 
leaves can be applied medicinally or used as vinegar. In Chile, a cooked chickpea milk 
(4:1) mixture was good for feeding infants, effectively controlled diarrhea. Chickpeas 
yield 21% starch suitable for textile sizing, giving a light finish to silk, wool, and cotton 
cloth (Duke, 1981). An adhesive may also be prepared; although not water resistant, it is 
suitable for plywood. 
Medicinal uses 
Among the food legumes, chickpea is the most hypocholesteremic agent; 
germinated chickpea was reported to be effective in controlling cholesterol level in rats 
(Geervani, 1991). "Glandular secretion of the leaves, stems and pods consists of malic 
and oxalic acids giving a sour taste. In India these acids used to be harvested by 
spreading thin muslin over the crop during the night. In the morning the soaked cloth is 
wrung out and the acids are collected in bottles. Medicinal applications include use for 
aphrodisiac, bronchitis, catarrh, cutamenia, cholera, constipation, diarrhea, dyspepsia, 
flatulence, snakebite, sunstroke and warts. Acids are supposed to lower the blood 
cholesterol levels. Seeds are considered antibilious" (Duke, 1981). 
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Nutritive Value of Pulses 
Pulses are the important sources of protein as well as energy. Although pulses 
come after cereals in terms of economic value but nutritionally they are second to none. 
The protein from pulses is easily digestible, relatively cheaper and of high biological 
value. Besides being rich in protein and energy they are also an important source of 
carbohydrates (highest in pigeon pea i.e. 72.7 g), phosphorus (highest in lathyrus i.e. 447 
mg), calcium (highest in french bean i.e. 381 mg) and iron (highest in pigeon pea i.e. 
16.6mg) etc. the sprouted grains of pulses contains a higher amount of ascorbic acid 
(vitamin - C), riboflavin and thiamine. Pulses also contains a higher amount of an 
essential amino acid i.e lysine which is either absent or present in lesser amount in 
cereals(Table-l). Thus pulses provide two to three times more protein than other cereals 
and help in overcoming the deficiency of essential amino acids. Nutritionists believe that 
pulses play key role in rectifying malnutrition. 
Table 1 -Amino acid composition (mg/lOOg of protein) from different sources. 
Amino acids Animal Cereal Pulses 
Isoleucine 46.7 39.8 45.3 
Leucine 79.9 86.3 78.9 




37.7 41.1 25.3 
Tryptophan 11.4 12.1 12.3 
Source FAOSTAT 20 31 
Fertilizer management 
Judicious and balanced use of nutrient is required not only for quantitative and 
qualitative increase in yield but also to help plant growth vigorously and overcome biotic 
and abiotic stresses. Total uptake of nutrients by chickpea crop has been estimated at 60-
200 kg N, 5-15 kg P and 60-170 kg K per ha (Ahlawat 2000). In general, chickpea has 
shown response to application of nitrogen upto 15-20 kg/ha. However, response of 
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nitrogen is poor under well-developed nodulation with efficient biological nitrogen 
fixation system (Saxena and Sheldrake 1980). Field experiments conducted in the Indo-
gangetic plains of the country suggested 19-63% yield increase in chickpea due to 
inoculation with rhizobium (Ali et ah, 2002). When chickpea is grown after potato, 
maize, sorghum, or late duration rice, the planting of chickpea is delayed. Under such 
situation due to low soil nitrogen and short period for growth and development, the 
nitrogen dose should be increased by 25-50% (Ali and Mishra, 2000). Babu et al., 2000 
reported that only 50% of the recommended dose of nitrogen was sufficient to realize 
higher yield of chickpea grown after potato. Under late sown condition, the crop responds 
well upto 40 kg/ha. Foliar application of 2% urea at the time of pod formation is useful 
(Bharud 2001, Dudhade and Patil 2001, AICRP 2003). Phosphorus is the most important 
nutrient for chickpea. Besides constituents of ADP and ATP, phosphorus also increases 
protein content in the grains (Guhey, 2000). Conspicuous response of phosphorus 
application in chickpea has been observed by several workers (Dev 1987; Prabhakar and 
Saraf, 1991). Among various sources of phosphorus, single super phosphate (SSP) has 
been found more effective over diammonium phosphate (DAP) (AICPIP 1991-1994). 
Phosphate solublizing microorganisms (PSM) have been found effective in increasing the 
efficiency of applied phosphorus. Application of PSB culture either with DAP or SSP at 
40 kg P205/ha in calcareous soil, where phosphorus fixation is a common phenomenon 
was found to improve chickpea yield and available phosphorus status of the soil (Saad 
and Sharma, 2001). Foliar application of 2% DAP has been found beneficial in increasing 
the seed yield of chickpea under rainfed conditions in NEPZ, NWPZ, CZ and SZ of the 
country. 
Constrains in Pulse Cultivation 
Despite of the increase in area under pulses cultivation there is decrease in the 
productivity of pulses. Although there are several constrains behind the lower 
productivity but the important limiting factors are inadequate input of fertilizer, 
irrigation, pesticides/insecticides, non-availability of proper transportation, regular attack 
of storage pests and diseases and storage facility. Low productivity rate in India is one of 
the major factors of this decline, because considerable proportion of pulse cultivation in 
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India is done on marginal lands. Frequent attacks of pests and diseases have also 
contributed in the shift of farmer's choice to other crops. 
Trace elements 
Among the micronutrients, zinc deficiency is widely observed followed by boron 
and iron. Zinc is also found to reduce the growth of collar rot, wilt and root rot in 
chickpea (Gupta, 1999). Yield gain of 320 kg/ha with the application of 25 kg ZnS04/ha 
has been observed (Takkar and Nayyar 1986). Boron deficiency is an emerging problem 
in some states like Orissa (69% samples deficient), Bihar (39%), U.P. (23%) and Gujarat 
(5%) (Takkar 1996). Soil application of 10 kg borax/ha has given yield advantage to the 
tune of 306-405 kg/ha in chickpea (AH and Mishra, 1996). Seed treatment of chickpea 
with Mo and Fe has been found to increase response of applied Phosphorus, MSM and 
rhizobium in terms of yield and nodulation (Sarawagi et al., 1999). 
Pests and Diseases of chickpea 
It is generally observed that pulses are attacked by various pests and diseases 
probably because of their soft and nutritious foliage and pod/grains resulting in 
considerable yield losses. Environmental factors and intensity of abiotic stresses increase 
or decrease the occurrence and severity of the diseases e.g. yield losses due to wilt and 
root rot diseases increase in case of drought and high temperature. About 67 fungi, 3 
bacteria, 22 viruses and 80 nematodes are reported to adversely affect the growth and 
productivity of the crop (Nene and Reddy 1987, Haware 1998, Singh and Sharma, 1998, 
Singh et al., 1999), however, only a few among them cause economic losses. Diseases 
such as Fusarium wilt; root rots, Ascochyta blight and Botrytis grey mould may cause 
major losses and prevent farmers from realizing the potential yield of chickpea (Gurha, 
2003). Root knot nematode (M incognita and M. javanica have been reported to cause 
19-40% economic loss. Ali, 1997 reported 22-84% avoidable to chickpea loss due to M. 
javanica and 25-60% due to M. incognita. Information gathered from diflFerent sources on 
avoidable yield loss due to root knot nematodes in chickpea indicated 17-60% losses in 
Bihar, 17-56% in Gujarat, 8% in Haryana, 35-43% in Maharashtra, 22% in Punjab, 17-
60% in Rajasthan and 22-23% in Uttar Pradesh (Ali et al., 2003). Nematode infestation 
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changes the physiology of the host plants, thus making the task easier for fungus to attack 
and cause the disease of greater severity. In susceptible genotypes, nematode advances 
the onset of wilt from 31-16 days and increase the disease incidence from 25-50% (Ali et 
al., 2003). The presence of both organisms together in soil result in severe and sudden 
loss to the crop after emergence (Ramnath and Dwivedi, 1981). Reduction in growth of 
chickpea was observed when both M. javanica and F. oxysporum f. sp. ciceri were 
present together in the soil (Ali and Gurha, 1994). Reduction in various growth 
parameters was observed when nematode was inoculated 30 days prior to the fungus 
(Goel and Gupta, 1986). The wilting percentage becomes higher when both the 
organisms are present. Maximum wilting of plant was observed when the F. oxysporum f. 
sp. ciceri and M. incognita were inoculated simultaneously (Patel et al., 2000). 
Wilt of chickpea (Fusarium oxysporum Schlechtend: Fr. f. sp. ciceri (Padwick) 
MatuG & K. Sato) 
Chickpea wilt also called as vascular wilt is caused by Fusarium f sp ciceri is 
one of the most serious diseases of chickpea. In India, the disease was first reported by 
Butler in 1918. Since then the occurrence of disease has been reported by several workers 
from different states were chickpea is grown. Annual chickpea yield losses from 
Fusarium wilt vary from 10-15% (19-43), but the disease can destroy the crop completely 
under specific conditions. Srivastava et al. (1984) observed the yield losses ranging from 
10-90%. Early wilting reduced the seed number/plant and caused more yield losses than 
late wilting 
Taxonomic position o{ Fusarium oxysporum f. sp. ciceri 
Division Amastigomycota 






species oxysporum f sp. ciceri 
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Distribution 
Fusarial wilt occurs throughout the world (Nene et al., 1984). The disease has 
been recorded from the United States (Haware etal., 1981), Peru, (Echandi, 1970), USSR 
(Stepanova, 1971), Malawi (Kannaiyan, 1981), Spain (Colina et al., 1985; Casas and 
Diaz, 1981 Frisullo et al. 1989), North West Vitoria (Bretag, 1982). However, it is more 
severe in India, Iran, Pakistan, Nepal, Burma, Spain and Tunisia, Disease occurs in 
almost all types of chickpeas genotypes. In general, spring sown crop is more vulnerable 
to wilt than winter sown. Because of the extreme temperature shift in the northern belt of 
India. Early wilting occurs around November, and late wilting at flowering stage around 
February- March. During the prevailing cold spell in December- February months the 
incidence of wilt remains at its lowest level. 
Economic losses 
Commonly grown cultivars of chickpea are susceptible to infection by F. 
oxysporum f sp. ciceri. It is the disease that inhibits seed germination and causes 
mortality to seedling those results to high yield loss. Nema and Khare (1973) have 
reported damage of 61% and 43% at seedling and flowering stage. It has been estimated 
the annual yield lose to chickpea may rise to 60-70% in the year of severe epidemics. 
Navas et al. (2000) have reported losses in seed yield and seed weight on two of chickpea 
CVS P-2295 and PV-61 due to the wilt by 15%. Wilting at an early stage may lead to a 
reduction in number of seeds/plant and cause more yield loss as compared to wilting at a 
later stage (Haware and Nene, 1980). The seeds obtained from wilted plants are lighter, 
wrinkled and duller than those obtained from healthy plants. The yield loses my very 
between 10% and 100%), depending on the agro climatic conditions (Grewal and Pal, 
1970). Sattar et al. (1958) reported an annual loss of 12 million rupees (nearly US $1 
million) from Pakistan. Artificial inoculation with F. oxysporum f sp. ciceri in 
microplots reduced the yield of chickpea by 18% (Khan et. al, 2004). 
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Symptoms of the disease 
Wilt symptoms usually occur in the form of yellowing of leaves followed by 
necrosis and dropping of leaflets (Casas and Diaz, 1981), infected plants also show 
stunting (Khan et. al, 2004). The disease primarily appears on the chickpea plant at two 
stages, i.e. seedling stage and flowering stage (Sharma et at., 1984). At the seedling 
stage, infected seedling collapse and lie flat on the ground though the plant is still green. 
Such seedlings when uprooted generally show uneven shrinkage of the stem above and 
below the collar region (Trapero and Jimenezdiaz,1985), The effected seedlings does 
not show any external symptom, however, a vertical section of the stem near the base 
shows a brown ring of the xylem cells and upward extent of discoloration depends upon 
the severity of the disease. Seedlings of highly susceptible cultivars die within 10 days 
after emergence. It is suggested that wilt symptoms occur mainly due to the occlusion of 
vascular tissue by fungal hypae. At flowering stage which occurs usually 6-8 weeks after 
sowing the drooping of petioles, rachis and leaflets is the most peculiar symptom of the 
disease (Jalali and Chand, 1992). Initially drooping of leaves is observed in the upper of 
the plants, but within the short period of time (1-2 days) it is visible on the entire plants. 
The lower leaves dry but are not shed at maturity (Khan, 2005). Murumkar and Chavan 
(1985) observed certain physiological changes taking place in leaves infected by the the 
fungal pathogen as reduction in chlorophyll and increase in organic acids, polyphenols 
and carbohydrates. Chauhan (1962) observed reduction in the number of chloroplast, 
decrease formation of starch in mesophyll cell after the fungal infection. 
The pathogen, Fusarium oxysporum f.sp. ciceri 
The fungus produces septate mycelium, initially colourless but becomes cream 
coloured, pale yellow or pink with the age. Three kinds of asexual spores are produced by 
the fungus microconidia which are 1-2 celled, macroconidia they are the typical fusarium 
spores (sickle shaped) they may be three to five called and have gradually pointed ends 
and the third is chlamydospores which are 1-2 celled, thick walled structures produced 
terminally on older mycelium. It is observed that micro conidia are the most frequent and 
abundantly produced spores under all conditions. They usually block the xylem vessels 
and thus blocking the transportation of water in the upward direction, macroconidia are 
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produced on the dead plants by the pathogen. Chlamydospores are double to triple walled 
spores, hence are able to survive during the adverse environmental conditions (Agrios, 
1997). 
Epidemiology 
The pathogen is both soil borne (Padwick, 1941;Westerlund et al., 1974 Nene et 
al., 1980; Kumar et al., 1983 Sharma and Gupta, 1986) as well as seed borne detected 
from the hilum of diseased seeds (Haware et al, 1978; Haware et al, 1986). The tlingus 
can survive in soil for 72 month in the left out of infected stem and root in field (Haware 
et al, 1996). The pathogen may also survive on several weeds such as Cyperus rotendus, 
Tribulus terrestris. Convolvulus arvemis and Cardiospermum halicacabum 
The soil type, reaction, moisture and temperature are known to influence disease 
development. The greenhouse studies substantiate the fact that disease is more severe in 
light sandy soils than heavy clay ones. Chandra et al. 1974 attributed higher disease 
severity in light sandy soils to low water retention ability of these soils. Chauhan in 1962 
in his studies noted that the disease intensity increased with lowering pH, being 
considerably low at pH 9.2. The amount of organic matter and humus content of the soil 
were found inversely related to wilt incidence. 
Disease development 
The pathogen F. oxysporum f.sp. ciceri is both soil and seed borne, it survives in 
the field in infected plant parts in the form of mycelium and chlamydospores. It spread to 
short distances by means of water contaminated farm equipments. When a healthy plant 
is grown in contaminated soil, the chlamydospores germinates by means of germ tube or 
mycelium and penetrates the root tips either directly or through wound or at the point of 
formation of lateral roots. The mycelium penetrates through the root cortex intercellularly 
mechanical injuries caused by the nematodes favour the entry of the pathogens into the 
roots (Mos Sahebi, 1968) which finally reaches the xylem vessels through the pits. The 
mycelium remains extensively in the vessels and finally moves in the upward direction. 
While remaining in the vessels the mycelium branches and produces microconidia, these 
microconidia get detached and are carried in upward direction in the sap stream. Due to 
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an excessive increase in number of microconidia, plugging of xylem vessels occur and 
this is the point where microconidia germinate and advance into adjacent vessels and 
produce more microcondia(Beckman. 1987 Pegg, 1989). Due to the movement of 
mycelium in adjacent vessels, excessive production of spores, gels gums and tylosis 
causes the crushing of vessels which is responsible for water loss by the infected plant. 
When the infected plant transpires the water absorbed by the root is less the stomata get 
close and finally the plant wilt and die. 
Plant parasitic nematodes 
Plant parasitic nematodes are found in all agricultural regions of the world 
(Sasser, 1989), they rank next to fungus, bacterial and viruses in economic importance 
and any crop may suffer damage from these parasites (Khan, 2008). These minute 
organisms posses an outstanding ability to survive under varied climate. Nematodes are 
commonly referred as "hidden enemies" of farmers due to the destruction they cause 
remains unrecognized (Khan and Jairajpuri, 2010). In addition to their direct effect on 
plants, nematodes also synergise other pathogens leading to manifestation of 
multipathogenic disease complexes (Khan, 1993). There is hardly any crop which is not 
attacked by nematode parasites (Lamberti, 1979) and suffer considerable yield loss. It has 
been estimated that plant parasitic nematode may inflict around 10-12% yield lose to the 
world agriculture. 
Leguminous crops constitute an important group of economically important crops 
which are highly susceptible to nematodes. Several nematodes species attack legume 
crops, among them Meloidogyne spp. Pratylenchus spp. Heterodera spp., 
Tylenchorhynchus spp. Rotylenchulus renifurmis, Xiphenema spp. Tylenchuys spp and 
Helicotylenchus spp. are more important and on average may cause 10-20% yield losses. 
Root-knot nematodes 
Root knot nematodes, Meloidogyne species are one of the most important genera 
that attack legume crops and inflict significant yield loss to them. Three species of the 
root knot nematode, M incognita, M. javanica and M. arenaria have been found 
associated with chickpea. Of these M. incognita is apparently the most predominant 
which is closely followed by M. javanica (Sharma and Sharma, 1998). Root knot 
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nematode was first discovered by Berkeley in 1855 on cucumber grown in glass house in 
U.K. It was the second phytonematode to be discovered after Anguina tritici in the 
history of phytonematology. The genus Meloidogyne was coined by Geoldi in 1887 to 
nematodes which caused gals on coffee roots. In 1949 Chitwood revised the genus 
Meloidogyne. 
Distribution and economic importance 
Root knot nematodes are world wide in distribution, especially in tropic, subtropic 
and Mediterranean climates (Sasser, 1979). Total 80 species of Meloidogyne have been 
described out of which four species viz., M. incognita (4 races, Ri, R2, R3, R4), M. 
javanica, M. arenaria (2 races Ri &R2) and M. hapla are most prevalent in the world 
(Khan, 1997). Of these four, M incognita dominates over M. javanica. and M. halpa is 
restricted to cooler region of the world (Taylor et al., 1982). 
All the four major species attack legume crops. But most of the information is 
available on M. incognita and M arenaria and was found that all cultivars to be highly 
susceptible to both the species. Infact extent of damage depend on the inoculums level 
and soil population of the nematode. And increase in the inoculums level of M incognita 
caused corresponding damage to chickpea cv. Pusa 209 (Mani and Sethi, 1984). Nath et 
al. (1979) also found similar correlation of initial population of M incognita and plant 
growth of chickpea. Rao and Krishnappa (1996) found 13 cultivars of chickpea to be 
susceptible to M. incognita. Khan et al. (1996) tested three varieties of chickpea to 100, 
1000 and 10,000 larvae /kg soil. On average the cultivars exhibited 10 & 23% and 24 & 
39% decrease in dry mater production and nodule formation at 1000 and 10, 000 
inoculum levels, respectively. According to an estimate around 13.7% decrease in the 
yield of chickpea occurred due to infection by root-knot nematode (Sasser, 1989). Khan 
et al. (2005) reported 14-15% decline in dry weight and yield of chickpea. Yield losses 
caused by root-knot nematodes to vegetables and pulses in subtropical and tropical 
countries range from 5-43% (Sasser, 1979). Survey of fifty differed chickpea growing 
fields in Allahabad showed the presence of 3 genera of plant parasitic nematode along 
with wilt fungus (F. oxysporum f sp. ciceri) and these genera were M. incognita, R, 




General symptoms caused by root-knot nematodes on plants are similar to those 
caused by nutritions deficiency or other root pathogens (Sesser, 1989). The infected 
plants show stunted growth, yellowing and chlorsis of foliage. Leaves and flowers 
senescent and fruits ripe prematurely. Loss in vigour of plant usually results to decline in, 
fruit setting and yield (Southey, 1972). The damage caused by nematode to host plant 
depends upon several factors like population density, species of nematode, age of the 
plant at the time of infection and other biotic factors (Khan 2008). As a results of 
nematode infection, physiology of the plant is affected. Absorption of water and mineral 
through the roots and their conduction to the other parts is impaired (Wilcox-Lee and 
Loria, 1987). Photosynthetic rate also decreases (Wallace, 1987). This results in several 
biological and physiological disorders, which appear in the form of external symptoms on 
the foliage. Wilting occurs at later stage of infection during the hotter period of the day, 
plants however, recover at night (Wallace, 1987). 
Under ground symptoms 
The young lateral roots of the plants are the main feeding site of the infective 
second stage larvae, which enter into the roots and feed endoparasitically on phloem. 
Continuous feeding by the nematode leads to the formation of cancerous out growth or 
swelling on infected roots and these are called as galls or knots (Southey, 1972). 
Formation of galls is the most characteristics symptoms of nematode attack (Bird, 1968). 
Release of certain glandular secretions, by the nematodes into the root cells (Huang. 
1985; Hussey, 1989) leads to the terminal and sub terminal formation of galls on roots 
and rootlets (Birds, 1962). Oesophageal gland secretions of the second stage juveniles 
after penetration cause the hydrolysis of cellular protein and leads to the formation of 
tryptophane. The trytophane reacts with endogenic phenols to form auxin which induces 
hypertrophy and hyperplasia in the cortical cells (Huang, 1985). Root system of heavily 
infected plants are short and sparse (Sitaramiah, 1994). Due to gall formation legume 
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plants exhibit reduction in the number (Gupta et al, 1986; Khan et al, 2003 and size of 
rhizobial nodules (Nath et al., 1979). 
Causal organism 
Root-knot nematode, Meloidogyne spp. is a sedentary endoparasite and second 
stage juveniles are infective stage of the nematode. Male and female larvae penetrate host 
roots. The females become sedentary after getting suitable site for feeding and gradually 
assume obesity. Male larvae do not feed and remain or become vermiform and migrate 
out of root at maturity. Females at maturity lay hundreds of eggs, on average 200-500 in a 
gelatinous matrix collectively called as an egg mass. Reproduction is parthenogenetic and 
life cycle from egg to egg completes in around three weeks. The species of root-knot 
nematode can be differentiated on the morphology of perineal pattern, female stylets, 
male heads and stylets, and second stage juveniles (Eisenback, 1985). 
Meloidogyne incognita 
The juveniles have a dumbbell shape labial disc and medial lips en-face view. The 
labial disc is small and slightly raised above the median lips. Lateral lips lie in counter 
with the head region. Body length, 346-463 (405) mm; tail length, 42-62 (52) mm; head 
end to stylet base, 14-16 (15) mm; female stylet length, 15-17 (16) mm; male stylet 
length, 23-25 (24) mm. Mature female: The medial lips are wider than labial disc, but 
both are dumbelled shaped. Under SEM two bumps may appear on the ventral side of the 
labial disc. Lateral lips are large and separated from the rounded medial lips. Stylet cone 
is distinctly curved dorsally. The anterior portion of the cone is cylindrical, whereas the 
posterior part is conical. The shaft is slightly wider at posterior side. The knobs are 
broadly elongated and set-off from the shaft, and indented anteriorly so much that in 
some specimen each knob appears as two. Mature male: Head shape is very 
characteristic and not easily confused with any other species. The labial disc is large and 
round, it is ventrally curved and raised above medial lips. The median lips are as high as 
the head region. There are 2-3 incomplete annulations on the head region. Stylet tip is 
blunt and wider than the medial portion of the cone. Lumen of the stylet opens with a 
projection on the ventral side, which is located one fourth distance of the cone length 
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from the stylet tip. The shaft is cyh'ndrical and tapers near the knobs. The knobs are set-
off from the shaft. They are broadly elongate to round and are indented anteriorly. 
Perineal patterns: The outer cuticle of saccate females at maturity becomes smooth and 
transparent on most of the body except posterior part around vulva. The transverse striae 
and lateral lines which disappear from the main body due to obesity remain prominent 
and distinctive together with phasmids and appear as a fmger-like structure called as 
perineal pattern. The pattern shows fare degree of uniformity within a species. 
Identification through perineal pattern is more useful when a species is to be identified 
from the infected root samples. Preparation of pattern does not take much time compared 
to picking and mounting of larvae, but sometimes It may involve some confusion. The 
pattern of M incognita is characterized by the presence of high and squarish dorsal arch. 
The arch may contain a distinct whorl in tail terminus area. The striae are smooth to wavy 
and sometimes zigzagged. Distinct lateral lines are absent, but the lateral field may be 
marked by breaks and forks in the striae. Some striae may bend towards vulva. 
Identification of races of root-knot nematodes 
Differential host test 
The test is based on the susceptibility/resistance response of certain host cultivars 
to species as well as races of Meloidogyne. Quite a few hosts are available which can be 
used to identify the species and races. The North California Host Differential Test 
(NCHDT) is one of the most reliable and widely used host differential test to identify the 
four major species of root-knot nematodes and differentiation of their races (Taylor and 
Sasser, 1978). 
Disease development 
Root knot nematode is a sedentary endoparsite. The infective stage i.e. the second 
stage larvae move through the space between the soil particles in response to the 
chemical stimuli emanating from the host roots. The chemoreceptor's (cephalic sense 
organs) which are located on the head region are responsible for the location of 
susceptible host roots. After penetration, the juveniles migrate intercellularly in the cortex 
of root (Linford, 1942). The primary feeding site are the stellar region while rest of the 
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body in cortex. After getting a suitable site the nematode larvae become completely 
stationary (sedentary) and start feeding on the region around its head. The female larvae 
pierce the cell wall and inject secretions from oesophageal glands, which bring about 
morphological and biochemical changes in the host cells. These secretions cause 
endomitosis without cytokinesis in a few cells around the head region. The resulting cells 
are large and multinucleate and these are known as giant cells (Huang, 1985). The giant 
cells, usually 3-6 in number are the permanent feeding sites of the nematodes. They are 
rich in cytoplasm, golgi bodies, mitochondria, DNA, endoplasmic reticulum etc. (Pasha 
et al., 1987). The root tissue around the nematode undergoes hypertrophy and 
hyperplasia; as a result the root tissue enlarges and the gall is formed. After two-three 
weeks of penetration, the second stage larva stops feeding and undergoes third moult. 
After the fourth moult the female becomes saccate. Reproduction is completely 
parthenogenetic and females deposits hundreds of eggs in a gelatinous matrix secreted by 
rectal cells (Southey, 1972). Each female produces one egg mass which is light to dark 
brown in colour. 
Host physiology 
Physiology of the host plant is altered due to nematode infection. Formation 
of galls on roots impair the absorption of water and minerals, as a result the plant shows 
water stress symptoms (Wilcox Lee and Loria, 1987). In the roots of infected plants 
nutrients like nitrogen, phosphorus, potassium and magnesium etc. accumulate due to 
decreased transpiration (Hunter, 1958). During the first few weeks of infection, 
respiration and transpiration rates markedly increase (Wilcox Lee and Loria, 1987). Rate 
of Photosynthesis is reduced due to parasitism of the nematode on roots (Wallace 1987). 
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Host Histopathology 
The migration of the second stage juveniles causes the cortical cells to separate 
along the middle lamella and rarely the cells are ruptured along the path of migration 
(Endo and Wergin, 1973). Nematode establishes a permanent feeding site in vascular 
tissue where formation of specialized cell systems induced by juveniles in stellar tissue 
(Hussey, 1989). Around 5-8 enlarged and multinucleate cells (giant cells) are formed 
around the head region of nematode in the phloem. Giant cells contain 14-16 times more 
DNA than the normal root cells the number of plasmodesmata are greatly reduced with 
the surrounding cells (Jones, 1981). Vessel elements are also much reduced and 
perforated wall plates are either absent or abonormal. Abnonnal development of 
sclerenchymateous and parencymateous cells takes place (Pasha et al., 1987). 
Hyperplasia occurs in hypodermal pericycle cells and the surrounding tissue undergoes 
hypertrophy. 
Nodulation and root knot nematodes 
Leguminous plants have the ability to fix atmospheric nitrogen by means, of 
Rhizobium and Bradyrhizobium species. The nodule forming bacteria are present freely in 
the soil. They infect fine roots or root-lets of leguminous plants and develop symbiotic 
association resulting in the formation of nodules, when the plants reaches maturity the 
nodules starts degenerating releasing the motile bacteria into soil to infect he roots of the 
succeeding crops of a given species (Subba Rao, 1972). 
On the basis of growth on a defined substrate, root nodule bacteria are classified 
as fast growers and slow growers. The fast growing sub-polar flagellated strains are 
considered Rhizobium whereas slow growing polar or sub-polar flagellated strains as 
Bradyrhizobium (Huang, 1987). Bacterial cells are rod-shaped, short to medium size (0.5-
0.9x1.2-2.0u) and gram negative. The first site of infection is the root hairs of the plants 
which later on gives rise to zone of infection by later infections of root hairs. The number 
of infected root hairs increases until the first nodule is formed. 
The type of interaction which occurs between root inhabiting bacteria and 
nematode vary considerably depending upon the mode of parasitism and usually it is 
reported to be antagonistic type of interaction (Huang, 1987; Taha,1993). Robinson 
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(1961) observed formation of nodules on root-galls and gall formation on the nodules. 
Nigh (1966) observed that M. javanica infection reduced nodule formation in alfalfa 
plants. A similar adverse affect of root-knot infection on root nodulation have been 
recorded on various legume crops such as chickpea (Wani and Alam, 1995; Khan et al. 
1996), cowpea (Khan and Khan, 1996), mungbean (Khan et al, 2002), pigeon pea (Taha, 
1993), soybean etc.(Kabi, 1983). Taha and Raski (1969) reported that nodules infected 
with M. javanica deteriorated rapidly as compared to non-infected ones. Sharma and 
Sethi (1975) noted interference of M incognita with leg-haemoglobin content of the 
cowpea root nodule. M. incognita was clamied to be more successful in this respect. 
Bhopiah et al. (1976) observed that inoculation of mungbean (Vigna radiata) with M. 
javanica prior to root nodule bacterium resulted in maximum reduction of nodules, 
whereas in plants in which Rhizobium inoculation preceded nematode inoculation or 
inoculated with Rhizobium alone, growth and nodulation were normal. The infestation by 
the nematode interfered with nitrogen fixation reduced the nitrogen content of shoot and 
root. 
Reduction in the synthesis of leg-haemoglobin was reported in cowpea nodules 
infected with M. incognita and H. cajani (Sharma and Sethi, 1975). Growth of chickpea 
and nodulation was adversely affected the presence of M. incognita and Macrophomina 
phaseolina. Disease severity increased with an increase in the inoculum level of both the 
pathogen and plant growth was greatly reduced (Siddiqui and Husain, 1991). It is 
generally found that maximum reduction in nodule during the earlier stage of 
development than as compared to the later stage of development. Infestation of 
rhizospheric soil by nematode can lead to severe reduction in nitrogen fixation by the 
plant. 
Wilt diseases complex 
Plants in nature are usually attacked by two or more pathogens and the resulting 
diseases are referred as multipathogenic disease or more commonly as diseases complex 
(Webster, 1979). In a disease complex one pathogen synergises other or has mutual 
benefits. Nematodes, in addition to causing damage to plants at their own they possess 
inherent ability to synergise pant viruses, (Weischer, 1993) and fungi (Khan and Khan, 
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1995). The first disease complex observed first in the history of plant pathology was 
caused by Fusarium and Meliodogyne species on cotton (Atkinson, 1892). In a wilt 
disease complex nematode modifies the host as a substrate in such away that it becomes 
more susceptible to infection by the wilt inducting fungus, hence severity of the disease 
increases considerably and lead to a greater crop loss than expected from either pathogen 
alone or an additive effect of the two together. The pathogen which invades the host first 
is referred as "Primary pathogen" and the pathogen which invades later is known as 
"secondary pathogen". In the wilt disease complex, the primary pathogen is root-knot 
nematode which invades the host first and predisposes making the host more susceptible 
to the secondary pathogen (wilt inducing fungus). In a pot experiment, in which 10 days 
old plants of chickpea cv. JG-62 inoculated with 1000 h of M incognita and 1 or 2 g of 
mycelial mat of F. oxysporum fsp. ciceri and F. solani, severity of the wilt and root rot 
disease was increased (Mani and Sethi, 1987). A wilt disease complex of chickpea (1000 
J2 of M. Javanica/kg soil + 1 ml suspension of F. oxysporum fsp. ciceri decreased the 
fresh weight of root by 49.3% compared to 3.78 and 30.6% reduction by the fungus and 
nematode, respectively (Sharma and Cerkauskas, 1985). Thirteen cultivars of chickpea 
were screened for their reaction to F. oxysporum fsp. ciceri, M. incognita alone and in 
combination under green house conditions. On an average the percentage of will 
incidence caused by the fungus alone was 28.7% while it increased to 45.1% in the 
nematode fungal disease complex, (Krishna and Krishanppa, 1999). 
Role of nematode in interaction with wilt fungi 
A vast majority of nematode interactions involve fungal pathogens, especially 
wilt and root rot fungi (Francl and Wheeler, 1993; Evans and Haydock, 1993). The 
overall mechanism of interactions between wilt fungi and root-knot nematodes is not 
fully understood (Mai and Abawi, 1987). Sequential or concomitant infection by root-
knot nematodes and Fusarium spp. may increase the wilt severity and death rate of 
plants. The initial phase of the interaction occurs in rhizosphere, where root exudates 
from root-knot infected plants stimulate the fungal pathogen (Mac Hardy and Beckman, 
1981). The exudates also suppress actinomycetes that antagonize the wilt fungus (Cook 
and Baker, 1983). 
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The next phase in these interactions involves the effect of root-i<not infection on 
invasion by the wilt fungus. Initially it was thought that micropunctures caused by 
nematodes on plant root facilitate entry of the fungal plant pathogens (Huisman and 
Gerik, 1989). Later it was demonstrated that severity of wilt diseases increased greatly 
when root-knot nematodes were added three to four weeks prior to fungus inoculation of 
the host in comparison to simultaneous inoculations of both the pathogens. This led to the 
realization that the nature of interactions between root-knot nematodes and Fusarium spp. 
are physiological rather than physical (Khan, 1993). 
The ultimate phase of interaction between two pathogens occurs during the 
pathogenesis of the wilt fungus. A modification in the host plant by root-knot nematodes 
is the key factor in this phase of interaction leading to increased wilt severity. The 
sedentary females of Meloidogyne spp. establish their feeding sites in the xylem 
parenchyma cells, bringing about significant changes in the morphology, anatomy and 
biochemistry of the host plant. Thus it is probably the major site of interaction between 
these pathogens (Mai and Abawi, 1987). Giant cells induced by Meloidogyne remain in a 
state of high metabolic activity through the continuous stimulation by the nematode 
(Webster, 1975). They contain maximum DNA, RNA and photosynthates about three to 
four weeks after infection (Bird, 1972; Wiggers et al, 1990). Concentration of sugars is 
also greater during the late stage of infection (Haung, 1985). The concentration of 
hemicellulose, organic acids, free amino acids, proteins and lipids are much higher in 
giant cells. This enriched medium benefits the fungal pathogens. The giant cells remain 
in a perpetual state which delays maturation and suberization of other vascular tissues, 
and thus Fusarium successfully penetrates and establishes in the xylem elements. 
Inhibition of tylosis formation by root-knot nematodes is also offered as a possible 
mechanism for increased wilt severity. Tylosis formed in the xylem vessels by expansion 
of xylem parenchyma through the pits do not develop from xylem parenchyma cells 
which are transformed into giant cells or physiologically altered adjacent cells (Webster, 
1985). 
Thus it may be concluded that a synergistic relationship is the common feature of 
fungus-nematode interaction, and fungus diseases may become more pronounced and 
appear earlier when plants are infected with nematodes three to four weeks prior to 
27 
fungus infections (Evans, 1987; Mai and Abawi, 1987; Francl et al, 1988; Hasan 1988; 
1989; Gray et al, 1990). Some soil fungi which are normally known to be non-
pathogenic on plants become pathogenic on roots infected with nematodes (Powell, 
1971). In general, in synergistic interactions nematodes provide an opportunity for fungal 
pathogens to show greater aggressiveness and to cause greater pathogenic damage to 
host. 
The severity of wilt disease complex of chickpea was increased when 100 or 1000 
J2 of M incognita/ 500 g soil was inoculated along with 1 and 2 g of F. oxysporum f sp. 
ciceri. The incubation period for disease expression was also shortened (Mani and Sethi, 
1987). Dwivedi et al. (1992) reported that growth of pigeonpea plants inoculated with M. 
incognita and F. udum simultaneously was suppressed greater than those inoculated with 
F. udum alone. Root colonization by F. oxysporum in mungbean significantly greater in 
the presence of M incognita (Shahzad and Ghaffar, 1996). Khan and Salam (1996) 
observed synergistic interaction between M. incognita and F. udum on pigeonpea. They 
found that wilting appeared earlier and more severe in concomitantly inoculated plants 
than those inoculated with the fungus alone. Marley and Hillocks (1996) reported that 
wilt resistant cultivars of pigeon pea became susceptible to F. udum in the presence of M 
incognita and M. javnaica. Singh and Goswami (2001) reported that wilting of cowpea 
increased when plants were inoculated with M. incognita and F. oxysporum as compared 
with F. oxysporum alone. 
Role of plant pathogenic fungi in interaction with nematodes 
Fungi, in general, dominate in synergistic interactions with nematodes, and 
suppress the development and reproduction of the participating nematode. Some 
pathogenic fungi produce metabolites that suppress hatching of nematode juveniles 
(Vaishnav et al., 1985; Mani et al., 1986; Ciancio et al., 1988). The population density of 
nematodes in the interaction is adversely affected by the activity of the fungal pathogens. 
Soil population of sedentary endoparasites such as Meloidogyne and Heterodera show 
decreased population density in the presence of wilt fungi {Fusarium or Verticillium) 
(Salem, 1980; Hasan, 1984; Nordmeyer and Skora, 1983; Al-Hazmi, 1985; Griffin and 
Thyr, 1986; Starr and Veech, 1986; Griffin et al, 1988; Hasan, 1989; Starr et al, 1989; 
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Gray et al, 1990; Fazal et al, 1994). The repression of sedentary endoparasites has been 
implicated with the impairment of nutrient supply through giant cells or synctia to the 
developing and egg laying female nematodes. The food shortage causes starvation to 
females or their sex reversal (Triantaphyllou, 1960). Fusarium spp. actively colonized 
gaint cells and consumes their contents as a result the female nematode is deprived of 
feeding and consequently dies without laying eggs (Nordmeyer and Skora, 1983). 
Disease management 
Due to enormous yield losses inflicted by the wilt flingus and root-knot nematode, 
singly or jointly to chickpea and prevalence of the diseases in major chickpea growing 
areas throughout the world including India various control measures based on chemical 
and non-chemical means have been devised and used to minimize crop loss to the crop. 
Chemical methods 
Chemical control of plant disease has witnessed many historical events. At the 
present state of our knowledge and technology, chemicals provide the most reliable and 
effective management of plant diseases. Pesticides control all kinds of pests and 
pathogens irrespective of the mode of parasitism. 
A large number of fungicides are used by farmers to control various diseases 
caused by fungi, such as seed-rots, seedling- roots, damping off, root rots, wilts etc. 
Accidental discovery of nematicides (DD mixture) in 1945 helped in recognizing crop 
damage potential of nematodes and subsequently revolutionized their management. In 
today's agriculture, nematicides have become and integral part of plant protection 
programme. They have provided satisfactorily control and are applied through different 
modes such as soil application (Siv Kumar et al, 1974; Jain and Bhatti, 1991), seed 
treatment (Jain and Gupta, 1990), bare root-dip treatment (Jain and Gupta, 1988) and 
nursery bed treatment (Jain and Gupta, 1985). A few nematicides can also be applied as 
foliar sprays as they are systemic and basipetal in movement (Johnson, 1985). Nursery 
bed treatments with nematicide like carbofuran, aldicarb, carbosulfan, fenamiphos etc. is 
effective in reducing the root galling by 26.7-48.9% caused by M javanica (Vito and 
Lambert, 1980; Jain and Bhatti, 1991). Fenamiphos was found to be more effective than 
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aldicarb in reducing the population of M incognita on pea plant (Reddy, 1985 a,b). 
Fenamiphos (Smittle and Johnson, 1982) and aldicarb (Reddy and Singh, 1983) 
controlled the population of M. incognita and increased the yield of French bean 
(Phaseolus vulgaris). Number of galls and population of M javanica were reduced on 
mungbean and gram with application of carofuran, fenamiphos and aldicarb (Kaushid and 
Bajaj, 1981). Soaking of chickpea seeds in monocrotophos 35EC (each at 0.05 and 0.1%) 
were effective in controlling M incognita in pot experiments. Soil application of 
carbofuran @ 2kg ai/ha was also found effective in improving plant growth and reducing 
nematode population as compared to phorate (Pareek and Parihar, 1998). Carbofuran, 
fenamiphos, bendicarb, aldicarb (Temik 106), ethoprop were found effective in not only 
reducing the number of galls but also increasing the yield of chickpea (Kaushik and 
Bajaj, 1981; Singh and Reddy, 1981, 1982). 
There have been a few efforts to make a scientific and systematic approach to 
develop a control strategy against wilt disease complex caused by F. oxysporum and 
Meloidogyne spp. (Khan and Khan, 1995). In a study wilt disease complex of chickpea 
caused by Meloidogyne spp . and F. oxysporum f. sp. ciceri on two cultivars of chickpea 
(cv Avrodhi, wilt resistant and cv Dahod yellow, wilt susceptible) seed treatment with 
carbendazim at 0.1% and carbosulfan at 0.75% or soil application of carbendazim 
granules at 0.5 kg/ha. Significantly increased the grain production of chickpea, being 
greater in susceptible variety (cv Dahod yellow) then the wilt resistant variety (cv 
Avrodhi). The treatment also proved quite effective in controlling root-knot nematode 
wilt complex (Patel et ah, 2000). Treatment of chickpea seeds with carbendazim or 0.2% 
carbozin gave the best control of chickpea wilt complex (Gupta et al., 1997). 
Bavistin is systemic fungicide which has proved to be highly effective against soil/seeds 
with bavistin (carbendazim) increased the germination, seed yield and decreased the 
infection of F. oxysporum f sp. ciceri on infected plants (Shukla et al, 1981). Out of the 6 
fungicides tested against F. oxysporium f sp. ciceri and R. solani, carbendazim (as 
Bavistin, lOO^g/ml) was found to be most effective in controlling both the pathogens 
(Gupta et al., 1997). In vitro seed treatment of bavistin (carbendazim), at 100 jig/ml 
completely inhibited the radial growth of F. oxysporum f sp. ciceri and seed treatment 
with bavistin @ 2g/kg seeds gave 70% control of chickpea wilt (Singh et al., 1993). Seed 
30 
treatment by carbendazim @ 2 g/kg seed effectively managed wilt severity of chickpea 
by 51% (Khan e/fl/., 2004). 
Non-chemical methods 
Pesticides are highly poisonous chemicals they pose various problems from the 
level of manufacturing application and to consumption of treated material. Pesticides 
contaminate the environment and cause serious health hazards to man and animals. 
Sometimes application also fails to provide satisfactory control of the disease. In 
addition, their regular use have given birth to many resistant strains of plant pathogens. 
For these reasons several efficacious pesticides once considered integral part of disease 
management system have been banned for use in agriculture. There are several non-
chemical methods which had been used and possess considerable potential of disease 
management, if properly exploited. The most important methods are summarized in the 
following paragraphs. 
Solarization 
As the wild fungus, F. oxysporum fsp. ciceri and root-knot nematode, 
Meloidogyne sp. happens to be soil-borne in nature, soil solarization may prove to be an 
important physical method to decrease inoculum level of the pathogen in soil. It involves 
trapping of solar heat by soil moisture under transparent polythene covers. This technique 
is more effective in countries where ambient temperature exceeds 40°C. It is relatively 
cheaper and easy method to control soil borne pathogens including wilt fungus (Rao et al. 
1995; Lodha and Solanki, 1992) and root knot nematodes (Brown and Kerry, 1987; Peter 
et al., 1995; Kamra and Gaur, 1995. In countries like Israel, Italy and USA, the use of 
0.03 mm thick plastic transparent sheets in moist and well cultivated soil continuously for 
30-50 days has been found to be effective against plant pathogenic fungi and nematodes 
including M incognita in chickpea (Cartia, 1985; Akem et al., 2000). In India during 
April to May the treatment for 6-8 weeks may cause an increase of 3-6°C in the upper 20 
cm soil profile. Yield of legume crops and root nodulation increased due to polythene 
sheet covering (Arora and Pandey, 1989). Fusarium wilt and root rot in chickpea and 
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pigeon pea can be effectively managed by deep ploughing and exposure to sun during 
summer (Dhar, 2003) 
Cultural methods 
These methods are aimed to avoid contact of susceptible plants to pathogen or to 
reduce the inoculum if present in a field or plant. Field sanitation plays an important role 
in disease management. Removal of infected plants and their debris helps in keeping a 
low level of primary inoculum. Various methods such as fallowing, host eradication, crop 
rotation, trap crops, antagonistic crop and proper date of sowing have been found quite 
effective in reducing pathogen inoculum in soil (Brown and kerry, 1987; Agrios, 2005). 
Some of the important cultural methods are summarized below: 
Crop rotation and Mixed cropping: Crop rotation is the practice of growing a series of 
dissimilar types of crops in the same area in sequential seasons for various benefits such 
as to avoid the build up of pathogens and pests that often occur when one species is 
continuously cropped. Crop rotation also seeks to balance the fertility demands of various 
crops to avoid excessive depletion of soil nutrients. A traditional component of crop 
rotation is the replenishment of nitrogen through the use of green manure in sequence 
with cereals and other crops. It is one component of polyculture. Crop rotation can also 
improve soil structure and fertility by alternating deep-rooted and shallow-rooted 
plants. For instance chickpea cultivation is replaced by wheat, rapeseed and mustard etc. 
which are non-host crops of wilt fungus and root knot nematode. This kind of cultivation 
for 2-3 years will greatly reduce the inoculum level of the pathogens in soil. Upadhayay 
and Rai (1981) reported that mixed cropping of pigeonpea with Crotolaria madicaginea 
significantly suppressed fusarial wilt. Mixed cropping of pigeonpea with sorghum and 
seed treatment with vitavax significantly reduced the wilt incidence in pigeonpea 
(Mahalinga et al, 2003). 
Organic amendments: Use of plant residues has been recognized as an effective way of 
achieving reduction in population of plant pathogen i.e. fungi, bacteria and nematodes 
(Patrick and Toussoun, 1965; Sayre et al, 1964; Cook, 1977). Applications of oil cakes 
have demonstrated to have nematicidal properties (Alam and Jairajpuri, 1990). Release of 
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ammonia has been reported during the decomposition of oil calces (Khan et al., 1974). 
Organic amendments like use of compost, cattle manure, medium containing composted 
grape reduced the infection of Rhizoctonia solani and Sclerotium rolfsii (Gorodecki and 
Hadar, 1990). 
Trap/antagonistic crops: Certain plants species which either trap or antagonise 
pathogens are particularly effective against nematodes. Highly susceptible crops such as 
cowpea promote invasion of root-knot nematodes but inhibit their reproduction (Kanwar 
andBhatti, 1992) 
Biological control 
Biological control involves the use of one microorganisms to reduce the 
population of another harmful one. It is based on the natural phenomenon, where the 
nature through its own way keeps the population of each microorganism under control 
and prevents the diseases from getting catastrophic. This concept of disease management, 
however, remained neglected for centuries. Least attention was paid during 1936-1970 to 
this ecofriendly approach of disease management. This novel system was, however, 
reconsidered only after failure of pesticides and realization of the adverse effects of 
chemicals. In 1965 Garret defined Biological control as "any condition under which, or 
practice whereby, survival and activity of a pathogen is reduced through the agency of 
any other living organism (except man himself) with the result that there is a reduction in 
the incidence of disease caused by the pathogen". Later on Baker and Cook (1974) 
defined biological control as the "reduction of inoculum density or disease producing 
activities of a pathogen or parasite in its active or dormant state, by one or more 
organisms, accomplished naturally or through manipulation of the environment, host, or 
antagonists, or by mass introduction of one or more antagonists". In 1983 they revised the 
definition as 'biological control is the reduction in the amount of inoculum or disease 
producing activity of a pathogen accomplished by one or more organisms other than 
man'. Biological control can be achieved either by introducing biocontrol agents directly 
into natural ecosystem or by adopting practices which favour population build up of 
biocontrol agents under natural condition. Biological control may be defined as the 
reduction in the population or disease/damage causing activity of a pest or a pathogen in 
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its active or dormant state by one or more organisms that occur naturally or through 
manipulation of the environment or by mass introduction of antagonists (Stirling, 1991). 
Since then, a lot of data has been generated to prove that biological control is a 
realistic proposition for disease management. In 1921 Hartley made first attempt to 
introduce the microorganism into the soil for the control of root-rot disease. He 
introduced 12 isolates of saprophytic fiangi and one bacterium in nursery bed against 
damping-off of pine seedlings caused by Pythium debaryanum. Welndling's (1932) 
found the parasitization of hyphae of Rhizoctonia sp. and production of antifungal 
compound, gliotoxin by Trichoderma species. In 1991 Harman considered biological 
control as a critically needed component of plant disease management. Thus biological 
control presents an attractive optional alternative method of disease control (Wilson et 
al, 1991). For an organism to be an ideal antagonist following characteristics must be 
fulfilled (Sumeet and Mukherji, 2000). 
1. Higher rate of survival in soil in either active or passive form for prolonged period 
of time 
2. Higher probability of contacting the pathogen 
3. Active under desired environmental conditions 
4. Simple and inexpensive mass multiplications 
5. Efficient and economical production 
6. No known health hazard 
Numerous microorganisms have demonstrated some potential of suppressing plant 
pathogens. Majority of the biocontrol agents belong to fungi and bacteria, and are 
pathogen specific. Hence they are discussed separately for fusarial wilt, root-knot and 
wilt disease complex. 
Biological control of fusarial wilt 
Biocontrol fungi: 
There are a large number of fungi, which possess considerable ability to 
antagonise plant pathogenic fungi. Among them mycoprasites constitute a major group of 
fungi, which play a potential role in biological control. Mycoprasites are the fungi which 
parasitise other fungi. 
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Mycoparasitism involves the following four stages. 
1. Chemotropic growth, in which a chemical stimulus from the pathogenic fungus 
attracts the parasite 
2. Recognition, as an antagonist attacks only a few fungi. 
3. Attachment in which the hyphae of the antagonist can either grow along side 
the of hyphae or coil around it. 
4. Degradation of the host wall by production of lytic enzymes such as 
chitninases and glucose 1, 3-B glucosidases. 
Barnett and Binder (1973) recognized two broad types of mycoparsitism i.e. 
necrotrophic and biotrophic. Sneh et al. (1977) reported a number of microorganisms 
parasitizing oospores of the Phytophthora spp. Deacon, (1993) found Pythium 
oligandrum to be an aggressive necrotrophic parasite on the plant pathogenic fungi, 
Gaumnaomyces graminis var tritici and Hialophora radicicola. The hyperparasite 
produces numerous thin haustorila threads and coils around the host hypae (Vesslym 
1978). Hypae of Trichoderma hamatum was found coiling around Pythium. Rhizoctonia 
and Sclerotium spp. (Bruckner and Pryzbylski, 1984). It is generally found that is the 
nectrotrophic (destructive) association which forms the basis of biocontrol. Marked 
alteration occurs in the permeability of the plasmalemma of the antagonised fungus like 
turgidity of parasitized cell is lost, granulation, vaculation and death of the cytoplasm 
occur in the zone of interaction (Ikedigwu and Webster, 1970). Species of Trichoderma 
represent a group of efficient mycoparasites of soil-borne plant pathogenic fungi. During 
the recent past they have been the topic of intense biocontrol researches. 
Trichoderma species 
Division Amastigomycota 




Sub family Gliosporae 
Genus Trichoderma 
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The genus Trichoderma is the most widely used biocontrol agent in the world 
with success against soil borne diseases, seed borne diseases, diseases in the phyllosphere 
and against storage rots (Chet, 1987; Papavizas, 1985). Weindling (1932) was the first to 
recognize the potential value of Trichoderma as biocontrol agent. He observed hypae of 
Trichoderma lingorum {viride) coiling around Rhizoctonia solani (Kuhn). Mathur and 
Gurjar (2002) found the similar result. They also found that T. viride and T. harzianum 
controlled R. solani on chilli. Pythium indicum was controlled on tomato by the 
combined action off. viride and FYM (Neelamegan and Govindarajalu, 2002). 
Trichoderma isolates can stimulate plant growth even in the absence of 
pathogens (Windham et al., 1986). The high rate of success of Trichoderma spp. as a 
biocontrol agent is due to its fast growth, great arsenal of inducible polysaccharide-
degrading enzyme that stimulate the fungi to produce the type of biomass appropriate to 
the intended application (Papavizas 1985; Tronsmo and Harman, 1992). The isolate was 
tolerant to chemicals, either inherently or through mutation or adaptation. A strain of T. 
harzianum exhibited the greatest biocontrol potential as compared to other fungi (Lynch, 
1987). Soil application of Ig T . harzianum, T. hamatum or T. viride decreased the 
incidence of root-rot of egg plant caused by M. phaseolina and increased the yield by 31-
36% (Khan and Gupta, 1998). An application of 140kg/ ha of inoculum of T. harzianum 
was used successfully to control damage to peanuts caused by Sclorotium rolfisii over a 
three-year period. It was equivalent to that of using a conventional fungicide (Beckman 
and Rodriguez-Kabana, 1975). 
Khan and Akram (2000) reported significant decrease in the severity to wilt 
of tomato caused by F. oxysporum f. sp. lycopersici due to application of T. virens @ 2g 
fungus/kg soil. Mutants of T. virens have been found tolerant to benomyl at a 
concentration of 10 ug/ml have been isolated from aqueous suspensions of conidia tested 
with both ultraviolet radiation and ethyl methane sulphonate (Papavizas et al, 1985). Soil 
applicatition of T. harzianum checked the root-rot of chickpea caused by R. solani (Khan 
and Rehman. 1996). T virens has also been used in combination with soil solarizaiton as 
an integrated method to control diseases caused by S .rolfsii in tomatoes (Ristaino et al. 
1991). Survival of the sclerotia of 5. sclerotiorum in the soil is reduced by the activity of 
T. virens. 
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Mode of action of Trichoderma species. 
The activities of biocontrol agents mainly depend on different physicochemical 
environmental conditions to which they are subjected. Understanding both the genetic 
diversity of strains within Trichoderma species and their mechanisms of biocontrol will 
lead to improved application of the different strains as biocontrol control agents. 
Trichoderma species can antagonise the pathogen through competition, antibiosis and/or 
mycoparsitism (Dennis and Webster, 1971a, b, c). Trichoderma spp. possess a great 
capability of competing with rhizosphere mycoflora in soil. Trichoderma as biocontrol 
agents can even exert positive effects on plants with an increase in mineral solublization 
and the stimulation of plant defense mechanism. With this ability this biocontrol agent 
can suppress a pathogen in its parasitic and saprophytic phase. 
Competition for nutrients 
Competition for the nutrients occurs when two or more microorganisms demand 
more or less same nutrients from a common source. Competition usually leads to 
starvation which results in the death of the microorganism. Uptake of iron is essential for 
viability of most filamentous fungi. Under iron starvation most fungi excrete low 
molecular weight ferric iron specific chelators termed as siderophores to mobilize 
environmental iron. Some Trichoderma biological spp. produce highly efficient 
siderophores that chelate iron and stop the growth of other fungi. Biological control by T. 
viride, the silver leaf pathogen on plum trees, is the result of competition. (Corke and 
Hunter, 1979). Competition also seems to be the most potent mechanism employed by as 
strain of T. harzianum in the control of F. oxysporum f. sp vasinfectum and F. oxysporum 
f sp. melonis in the rhizosphere of cotton and melon (Sivan and Chet, 1989). One of the 
most sensitive stages for nutrient competition in the life cycle of Fiisarium is 
chlamydospore germination (Baker, 1981). In soil the chlamydospores of F. oxysporum, 
need nutrition to maintain a germination rate of 20-30%. The germination may decrease 
due to sharing of nutrients by other microorganisms. Root exudates are major source of 
nutrients in soil which are excreted from the root tips. Thus, colonization in the 
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rhizosphere of root tip by an antagonist might reduce infection by Fusarium-Yike 
pathotypes (Cooic and Baker, 1983). 
Antibiosis 
Antibiosis is required as one of tlie most important attribute in deciding the 
competitive saprophytic ability of Trichoderma spp. Antibiosis occurs when toxic 
metabolites or antibiotics produced by one organism have a direct effect on another 
organism. In some cases, antibiotic production correlates with biocontrol ability, and 
purified antibiotics mimic the effect of the whole agent. Volatile substances from 
Trichoderma spp. inhibited the mycelial growth o{Macrophominaphaseolina by 22-51% 
(Angappan, 1992). The volatile antibiotics of T. harzianum and T. atroviride significantly 
decreased the growth of canker pathogens of poplar, Cytospora chrysosperma and 
Dothiorella gregaria (Gae et ai, 2001). 
There are also examples of antibiotic overproducing strains such as gliovirin 
overproducing mutants of T. virens, which provide control similar to that of the wild type 
and of gliovirin deficient mutants which failed to protect cotton seedlings from Phythium 
uhimum...In general, strains of T. virens with the best efficiency as biocontrol agents are 
able to produce gliovirin. In vitro production of gliotoxin by T. virens on natural 
substrates has been reported (Anitha and Murugesan, 2005).Apart from production of 
antibiotics, especially gliotoxin. Trichoderma species may also produce cell wall 
degrading enzymes which are responsible for the control of fungal disease (Larito et al., 
1976). 
Mycoparasitism 
Mycoparasitism is a phenomenon of one fungus parasitizing another, and is well 
known to occur in Trichoderma spp. G i^gam, 1997). Four stages can be distinguished in 
mycoparasitism. The first stage is chemotrophic growth, in which chemical stimuli from 
the pathogenic fungus attract the antagonist (Chet et al., 1981). Next step is recognition, 
in which Trichoderma spp. attack the host fungus selectively. Lectins may play an 
important role in this specific interaction (Elad et al., 1983; Barak et al., 1985; Inbar and 
Chet, 1994). After recognizing, Trichoderma spp. attach to the pathogenic fungus. Their 
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hyphae either grow alongside the host hyphae or coil around (Dennis and Webster, 
1971b; Harman et al, 1981). The final step is the degradation of host wall by production 
of lytic enzymes such as chitinase, and glucan 1, 3- B -glucosidase (Cherif and 
Benhamou, 1990; Tronsmo et al, 1993). In vitro studies have revealed that purified 
endochitinase, chitobiosidase, n-acetyl-b-glucosidase and glucan 1, 3-6-glucosidase, and 
combinations thereof, greatly suppressed the spore germination and germ tube elongation 
in nine different fungal species (Lorito et al, 1993; Di Pietro et al, 1993; Lorito et al, 
1994a, b). 
Trichoderma spp. react violently with hyphae of the Fusarium species. The 
hyphae of Trichoderma spp. when dose to pathogen induced morphological deformalities 
in the host hyphae. Many a time bursting of hyphae and vacoulation has been observed 
(Komatsu, 1968; Gao et al, 2001). In addition, granulation, coagulation, disintegration 
and finally lysis of the pathogen occur (Lim and Teh, 1990; Elad et al, 1983; Nigam et 
al, \997; Gao etal, 200]). 
Stimulation of host defence responses 
One of the proposed mechanisms for biocontrol activity by Trichoderma spp. is 
stimulation of host defense responses (Howell et al, 2000; Hanson and Howell, 2004). 
Induced resistance has been reported with T. harzianum on bean (Meyer et al, 1998), T 
virens on cotton (Hanson, 2000) and an unidentified Trichoderma sp. on cucumber 
(Koike et al, 2001). Cotton seedlings treated 
with efficient strain of T virens had higher level of defense related compounds such as 
terpenoids and peroxidase activity in the root (Howell et al, 2000). An ethylene-inducing 
xylanase (EIX) produced by T viride (Dean and Anderson, 1991) elicited the production 
of phytoalexin reversatrol in grapevine cells (Calderon et al, 1993). Hanson and Howell 
(2004) reported that culture filtrates fi-om effective biocontrol strains of T. virens 
stimulated significantly greater terpenoid levels in cotton and the elicitors were most 
likely proteins or glycoproteins. 
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Plant growth promotion by Trichoderma species 
There have been several reports where Trichoderma spp. have been used to 
stimulate plant growth (Chet, 1987; Mukhopadhayay, 1987). The fungus is reported to 
stimulate the growth of some floricultural and horticultural plants (Baker et al, 1984; 
Chang et al, 1986). Pepper seed germinated 2 days earlier in raw soil containing the T. 
harzianum than in untreated controls. Root colonization by Trichoderma strains 
frequently enhances root growth and development, crop productivity, resistance to 
abiotic stresses and the uptake and use of nutrients. Crop productivity in fields can 
increase upto 300% after the addition of T. hamatum or T. koningii. In experiments 
carried out in green houses, there was also a considerable yield increase when plant seeds 
were previously treated with spores from Trichoderma. Trichoderma strains that produce 
cytokinin like molecules, e.g. zeatyn and gibberellin GA3 or GAS related have been 
recently detected. The controlled production of these compounds could improve 
biofertilization. Zimand et al. (1996) reported that T. harzianum T39 besides having 
inhibitory effect on the conidial germination and germ tube elongation of Botrytis 
cinerea, also reduced the production and activity of pathogen secreted pectolytic enzymes 
three days after inoculation. Reduced activities of pectolytic enzymes may increase the 
accumulation of pectic enzyme products i.e., oligogalacturonides. These sugars can elicit 
the host plant (bean) defense mechanisms, thus checking the disease development. The 
plant growth promotion may be due to production of plant hormones or increased uptake 
of nutrients by the plant (Chet, 1993); control of one or more sub potential pathogens 
(Baker, 1986) and/or strengthening plant's own defense mechanism (Zimand et al., 
1996). 
Application of rr/c/iorfer/jifl spp. against pathogenic fungi 
In vitro antagonism of T. harzianum and T. virens against F. udum have been 
repored by Chaudhary and Prajapati in 2004. The antagonists reduced the colony growth 
of F. udum through sparophytic competition. T. harzianum showed maximum amount of 
growth and was found effective in inhibiting the growth of Macrophomina phaseolina by 
65% in dual culture test (Malathi and Doraisamy, 2004). Jayalakshmi et al. (2003) 
reported that T. harzianum inhibited mycelial growth ofF. udum by 89% in a dual culture 
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test. Similar effects of T. harzianum have also been reported on R. bataticola (Rajarkar et 
al, 1998), Sderotium rolfsii (Prasad et al, 2003) and F. udum (Singh et al, 2002). Khan 
and Gupta (1998) recorded T. harzianum, T. hamatum and T. viride most effective out of 
five species of Trichoderma tested against M. phaseolina on egg plant in a field. 
Application of J. harzianum also effectively controlled the root rot caused by R. solani in 
sterilized and nonsterilized soil (Jash and Pant, 2004). Culture filtrates of Trichoderma 
spp. have also proved inhibitory to pathogenic fungi. The culture filtrate of T. harzianum 
reduced the mycelial growth of the pathogens from 52-87% (Ngueko and Xu, 2002). T. 
harzianum was found antagonistic in vitro to R. solani and V. dahliae at 15-25° C and 
inhibited the development of R. solani and V. dahliae at both the temperatures 
(Santamarina and Rosello, 2006). The application of T. harzianum formulation based on 
tea leaves and wheat bran sawdust significantly reduced the percent mortality due to 
chickpea wilt complex and groundnut collar rot disease, respectively. Population count 
after 30 days was maximum in used tea leaves (8 x 108 cfu/g) and shelf life was found to 
be maximum (2.9 x 105 cfu/g after 210 days) in wheat bran sawdust (Singh, et a/., 2006). 
Trichoderma spp. significantly reduced stem canker and black scurf diseases of potato 
(Brewer and Larkin, 2005). Singh and Singh (2004) reported that T. harzianum controlled 
the Sderotium rolfsii the causal agent of collar rot in mint by 67-100%. 
Pigeonpea wilt was significantly reduced when the seeds were treated with T. 
harzianum. The treated plot showed the lowest 20.4% incidence of wilt (Jayalakshmi et 
al. 2003). T. harzianum @ 4 g/kg seed was found effective in checking the incidence of 
pigeonpea wilt from 38% to 3.2% (Singh et al, 2003). Synergistic effects of T. 
harzianum and Rhizobium on pigeonpea in a green house trial have been repoted by 
Potdukhe in 2003. T. harzianum when used in combination with Vitavax-200 + Bavistin 
and Vitavax-200 + Ziram provided a disease control of 56-63%. Trichoderma alone 
showed 35% disease control, which increased to 46% when integrated with seed 
treatment of Vitavax-200. Trichoderma when integrated with bavistin were found highly 
effective against F. udum (Pandey and Upadhayay, 1999). Only 4 to 5% of wilt incidence 
was reported in the field by Prasad et al. (2002) with soil application of T. harzianum as 
compared to 16% in pathogen check. Significant increase in the yield and decreased 
severity of fusarial wilt have been reported in other studies on pigeon pea with the 
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application of 71 harzianum or T. virens (Pandey Upadhayay, 2000; Somasekaran et ai, 
2000; Agarwal et ai, 2003). 
Application of Trichoderma spp. against phytonematodes 
Windham et al. (1989) tested the effect of T. harzianum applied before com 
seeding, in small pots filled with M. arenaria infested soil. At harvest, after 50 days, top 
and root fresh weights had increased, with a decrease in the number of eggs per gram 
root, as compared to the control plants. In green house studies, individual application of 
Trichoderma sp. as seed coat followed by root drenches suppressed root-knot nematode 
population on bell pepper compared with untreated plants (Meyer et ai, 2000). Reduction 
in the population of M incognita has been found to be maximum when T. harzianum, P. 
lilacinum and A. niger were applied in pots @ 5000 spores/pot having sterilized soil. 
Significant reduction in M incognita was also observed when T. harziaum was applied 
along with the neem cake (Pant and Pandey, 2002). Combined application of T. 
harzianum with P. fluorescens in unsterilized sandy loam soil caused greater reduction in 
M.javanica population densities in tomato roots (Siddiqui and Shaukat ,2004). Pant et al. 
2002 studied the effect of using T. harzianum and neem cake alone and in combination to 
manage M incognita in chickpea cv. Type-3. Reduction of root knot nematode was 
maximum with neem cake + T. harzianum, followed by neem cake and T. harzianum 
alone. 
Pochonia chlamydosporta {=Vertlclllium chlamydosporium) (Goddard, 1913) Zare 
and Games, 2001 
Taxonomic Position 
Division Amastigomycota 







Mechanism of disease suppression 
P. chlamydosporium has emerged as a promising opportunistic fiingual pathogen 
of the egg and adult female of root-knot nematodes.(Stirrling, 1991). It has been observed 
that the fungus causes disintegration of eggshell's vitelline layer and also partial 
dissolution of the chitin and lipid layers, possibly due to the activity of exoenzymes. 
Serine proteases have been identified in P. chlamydosporia (Seggers et al, 1994). The 
extracellular enzymes causes disruption of egg shell and larvae cuticle and physiological 
disturbances occur due to the biosynthesis of diffusible toxic metabolites (Morgan-Jones 
et al., 1981, Meyer et al., 1990). The fungus produces an appressorium that adheres to the 
egg shell by mucigens and from which an infection peg develops that penetrates the egg 
shell (Seggers et al, 1996). The invasion of egg shell may also take place with the help of 
lateral branches from the mycelium (Lopez and Duncan, 1988). The hypae readily 
proliferate within eggs as well as unhatched juveniles. The eggs and larvae infected with 
P. chlamydosporium generally fail to hatch and invade respectively. In addition to the 
direct effects of parasitism by P. chlamydosporia on the developing embryo, enzymatic 
effects on the egg-shell may increase permeability and possibly facilitated the inward 
passage of toxins that may have been present in the environment. It has been suggested 
that P. chlamydosporia itself might produce such a toxin, because eggs did not hatch 
when the fungus was near eggs (Morgan-Jones et al, 1983; Meyer et al, 1990). 
However, Irving and Kerry (1986) obtained no evidence to support toxin production. 
The biocontrol activity of P. chlamydosporium requires a unique ecological niche 
mycoflora in addition to favourable environment (Morgan-Jones and Rodriguez-Kabana, 
1987). This makes the fungus less suitable for field application in many climates 
including India. 
Culture filtrates of fungus 
Another way of exploiting microorganisms for nematode management is to use 
microbial metabolites. In this direction, culture filtrates of several fungi have been tested 
against phytonematodes (Varshney et al, 1985 Siddiqui and Husain, 1991). Although 
this practice does not appear reasonably handy in terms of field application, but has been 
found quite effective in suppressing nematode diseases at least in green house condition. 
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The strong reason for testing culture filtates is that soil is abode for fungi as well as 
nematodes and it is obvious that fungal metabolites may influence activity in rhizosphere. 
Culture filtrates of fungi may adversely affect different development stages of nematodes 
viz., hatching to maturation and reproduction, Khan et al. (1984) observed inhibitory 
effects of filtrates of R. solani and Aspergillus niger on root penetration, development 
and reproduction of M incognita on tomato. Culture filtrates of P. lilacinus, A niger, A. 
flavus or Penicillium coryophilum reduce the intensity of disease complex caused by M. 
incognita, and Macrophomina phaseolina on chickpea (Siddiqui and Hussain, 1991, 
Siddiqui and Mahmood, 1965b). Root-dip treatments with culture filtrates of^. niger, P. 
lilacinus or T. viride were considerably effective in reducing M. javanica damage on 
tomato grown in pots (Khan and Saxena, 1997b). 
Culture filtrates of number fungi have shown good nematicidal activity against 
Meloidogyne species as well as other nematodes. But unless an efficient carrier system is 
devised, application of culture filtrates of fungi cannot be commercially feasible for 
nematode management. 
Biocontrol bacteria: 
Many bacteria have shown to have antifungal activites which can be exploited in 
the control of phytopathogens (Waller, 1988). Field applicaiton of bacterial biocontrol 
agent is easy and they estabilish themselves faster than the biocontrol fungal. Bacterial 
biogents improve plant growth by suppressing either major or minor pathogens and/or 
producing plant growth promoting substances like auxins, gibberilins etc. the biolical 
control of root diseases can by accomplished by several means as: 
1. Direct inoculation of bacteria on seed and stem cuttings (Schroth and Hancock 
1981; Hennis and Chet 1983); 
2. Incorporation into the soil (Brown, 1974); 
3. Indirect control by the use of cultural changes to enhance naturally occcurring 
disease control organisms already in the soil (Deacon, 1973; Smiley, 1978, a, b, 
1979); and 
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4. Integrated control, such as use of seed inoculum plus chemicals or any other 
combinations of control measures (Batra, 1982). 
Agrobacterium radiobacter strain K-84 was the first bacterium used 
commercially for the control of crown gall caused by A. tumiefaciens and got worldwide 
success. Many bacterial genera have shown their potential for biocontrol both in vitro and 
in vivo conditions. Agrobacterium (Kerr, 1982,1980;), Arthobacter (Mirtchell and 
Hurwitz, 1965), Aztobacter (Mishram and Jageer, 1983), Bacillus (Fiddamam and 
Russell, 1995; Utkhede, 1984; Turner and Bakaman, 1986; Turner, 1987), Escherichia 
coli (Roberts et al., 1997), Enterobacter (Costa and Loper, 1994), Burkolderia 
(Chakraborty and Purkayastha, 1984), Serratia (Berg and Behl, 1997), Stenotrophononas 
(Berg and Behl, 1997) Pasteuria (Sayre and Starrm 1985) and Pseudomonas (Weller et 
al., 1985; Yuen and Schroth., 19860 were found to be potent of suppression of soil-borne 
fungal pathogens. Many of these biocontrol agents exhibited their effectiveness under 
field conditions also. 
Martnetti and Loper (1992) reported that a strain of Alcaligenes sp inhibited 
microconidial germination and germ tube elogation of F. oxysporum f sp. dianthi and 
also reduced the severity of disease presumably as a result of siderophore production. 
Enterobacter cloacae, a potent root colonizer was reported biocontrol agent against 
Pythuium ultiumum, a prevalent phytopathogen that causes damping-off of many crop 
plants (Costa and LOper, 1994; Howell et al, 1988; nelson, 1988). Nelson (1988) 
reported the potentiality of a strain oi E. cloacae to prevent pre-emergence damping-off 
of cotton Howell (1988) applied a strain of £•. cloacae which produced ammonia to 
control damage-off of cotton caused by P. ultimum. 
Bacillus species 
The usefulness of Bacillus spp. as a source of antagonist for many plant pathogens 
is well known (Cambbel, 1989). Bacillus spp. Have many ecological advantages; their 
endospores are tolerant to extreme conditions of heat and desolation. A strain of Bacillus 
subtilis isolated from the lysed mycelium of Sclerotium rolfsii by Braodbent et al. (1971), 
was found antagonistic to several pathogens and as a seed inoculants increased the yield 
of carrots by 48%, oats by 33% (Merriman et al, 1974) and peanuts by 37% (Tunier, 
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1987). Since 1983 it is sold as a bioinoculant under the trade name of QUANTUM 4000 
(Turner, 1987). The features that make Bacillus spp. as potent biocontrol agents are their 
abundance in the soil and the production of various potent fungicidal metabolites. B. 
subtilis produces bulbifromin (Brannen, 1995) which appears to be responsible for the 
management of wilt on various crop (Khan and Khan, 2002). A reduction of 88% in the 
incidence of piegeon pea wilt was noticed in the autoclaved soils containing molasses, 
sweet clover roots and groundnut cake, when inoculated with B. subtilis (Sudeves et 
o/.,1983; Vasudeva and Roy,1950). Khan and Akram, (2000) reported satisfactory 
control of wilt of tomato due to soil application of B. subtilis. Other studies have also 
demonstrated the potential of another strain of B. subtilis in the management of wilt of 
tomato caused by F. oxysporum f. sp. lycopersici. (Khan and Khan, 2001; Khan et al., 
2007) 
A few other species ofBaciluls have also been found antagonistic to pathogenic 
fungi, a strain of B. cereus was found to protect alfalfa seedlings from damping off 
caused by Phytophthora medicaginis (Handelsman et al., 1991), cucumber fruits from rot 
caused by P. aphanidermatum (Smith et al., 1993) and peanut from Sclerotinia mior 
(Phillips, 1992). B. polymyxa can also reduce the severity of wilt of tomato caused by F. 
oxysporum f sp. lycopercici (Khan and Akram, 2000). 
Pseudomonas species 
Flourecent pseudomonads have reolutionized the field of biological control of 
soil-borne plant pathogenic fungi. During the last 25 years they have emerged as the 
largest potentially and most promising group of plant growth promoting rhizobacteria in 
the biocontol of plant diseases (Gomes et al, 1996; Burr et al, 1998). Fluorescent 
pseudomonads have received the most attention for some compelling reasons. 
Flourescent pseudomonads readily colonize root in nature condition where they are 
frequently the most common of the microorganisms (Weller, 1998). The simple 
nutritional requirement and the ability to use many carbon sources that exude from the 
roots and to compete with indigenous microflora explain their ability to colonize the 
rhizophere (Burred al. 1978). 
O'Sullivan and O'Gara (1992) reviewed the traits of fluoresent pseudomonads 
such as production of antibiotics, hydrogen cyanide and siderophores which are involved 
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in the suppression of root pathogens. Flourescent pseudomonds have been implicated in 
the control of several wilt diseases caused by Fusarium spp. (Pal, 1995; Roberts et al., 
1997) root-rot of important crops like wheat, cucumber, tulip caused by Pythium spp. 
(Roberts et al., 1997), take-all disease of wheat (Weller, 1994) and several other diseases 
like charcoal-rot (Pal;, 1995), grey mould (Walker, 1996), sorghum anthracnose 
(Michereff e/ al, 1994) and seedling blight. (Wu, 1995). Wilt of cucumber; flax and 
raddish caused by Fusarium spp. was suppressed by the application ofpseudomonas spp. 
(Baker, 1992). Wilt of chickpea was controlled by seed treatment with fluorescent 
siderophore producing Pseudomonas strain RBT-13 (Kumar, 1998). Wilt of pigeonpea 
was also effectively controlled by powder formulation of two Pseudomonas strain in field 
trials (Vidyasekaran, 1997) 
A strain of P. fluorescens has been seen to reduce Fusarial wilt of cotton (Chen et 
al., 1995) cucumber anthracnose and bacterial angular left spot (Wei et al., 1996). Root-
dip treatment with the broth culture of P. fluorescens to the seedling of tomato resulted to 
considerable decrease in the severity of wilt caused by F. oxysporum f sp. lyopersici 
(Khan and Khan, 2002). A strain of P. glumae could check the spread of damping-of of 
cotton; charcoal- rot of maize and fusarial wilt (Pal, 1995). A strain of P. putida was 
known to suppress the wilt of carnation (Duijff e/ al, 1994). Roo-rot of cowepea caused 
by R. Solani was controlled by the application of P. fluorescens under feild conditions 
(Barbosa et al, 1995). An isolate of P. aureofasciens has been found to be inhibitory to a 
number of fungal pathogens and suppressed the root-rot of Asparagus oficinalis 
(Caruthers e/a/., 1995). 
Mechanism of disease suppression 
Various biocontrol mechanisms are involved in the pathogen suppression by B. 
subtilis, and P. fluourecscens. The potential ones are competition for iron and other 
nutrients, nich exclusion, induction of systemic resistance and production of 
antimicrobial metabolites (Pieterse etal, 1998). 
O'Sullivan and O'Gara (1992) critically reviewed the protection mechanism in 
various groups of endophytes. Several strains of Pseudomonas have shown to produce 
wide array of antibiotics such as phenazines (Toohey et al., 1965), pyoleutorin (Howell 
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and Stipanovicm 1980), pyrrolnintrin (Leyns et al, 1990; Burichead et ai, 1994), 
photloroglucinols (Russell et al., 1996). Burkhead et al. (1994) reported that a strain of 
Pseudomonas cepacia produced pyrolnintrin inhibitory to Fusarium sambicinum. 
Another strain ofP.fluorescens Icnown to produce photorglucinol, which protected sugar 
beet against Pythium mediated damping-off (Russell et al, 1996). 
Bacillus subtilis is known to production of antifungal antibiotics such as 
bulbiformin (Brannen, 1995), agrocin-84 (Kim et al, 1997), iturin and surfactin (Asaka 
and Shoda, 1996), iturin A (Besson and Michel, 1976), bacillomycin (Besson and Michel, 
1984), mycosubtilins (Peypoux and Michel, 1976), fengymycin (Vanittakam and 
Loeffler, 1986), mycobacillin (Sengupta et al., 1971) and mycocerein (Wakayama et al., 
1984). The antifungal antibiotic produced by a strain of B subtilis suppressed the fungus, 
Fusarium solani (Kim et al, 1997). The mechanisms involved in the suppression of R. 
solani lesions on cotton by B. subtilis are also suspected to be antibiosis (Brannen, 1995). 
Antibiotic production was clearly indicted as the mode of action of/« vivo biocontrol of 
damping-off of astilbe (Micherred et al, 1992). Biocontrol of the damping-off of tomato 
through the application of B. subtilis was brought about by the production of two 
antibiotics, iturin and sufactin (Asaka and Shoda, 1996). 
Productoin of lytic enzymes like chitinases and 1, 3-B Glucanases by certain bacteria 
may also form the basis of control of plant pathogenic fungi in the higzosphere (Maush 
and Staehelin, 1989). Production of hydrogen cyanide ahs been reported as a mechanism 
of disease suppression by certain bacteria (Howell et al, 1987; Stutz et al, 1986). 
Species of Bacillus and Pseudomonas produce a range of metabolites including 
biosurfacants (Edwards and Siddon, 1992), volatiles (Flddaman and Russell, 1993) and 
compounds which elict plant resistance mechanisms (Kehlenbeck et al, 1994). 
Baker el al (1990) reported that the siderophores like pseudobactines or 
pyoviridins being very efficient competitors or iron may help in the control of Fusarium 
wilt. Competition for iron has been reported as one of the mechanism responsible for 
suppressiveness to Fusarium wilts (Scher and Baker, 1982). The involvement of 
competition for iron as a mechanism of the antagonism is expressed by flourescent 
Pseudomonas against F. oxysporum (Lemanceau et al, 1993,). The intensity of the 
competition for iron depends on several environmental factors, of which pH is the most 
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important. Indeed, most soils that are suppressive to Fusarium wilts exhibited a pH higher 
or equal to 7.0, making iron not easily available for microorganisms. Fluorescent 
Pseudomonads produce different types of metabolites but until now competition for iron 
has been linked with suppression of Fusarium wilts; phenazines, phloroglucinols or any 
other antibiotics (e.g. oomycin, pyrrolnintrin, pyolteorin) have not been implicated in the 
control of Fusarium diseases (Lemanceau and Alabouvette, 1993). 
Rhizophere competence and colonization 
Root colonization is defined as the process whereby introduced bacteria become 
distributed along roots in non sterile soil, multiply and survive for several weeks in the 
presence of indigenous soil micro-biota (Wellar, 1988). Root colonization involves two 
phases, phase I is the attachment to roots and phase II is the multiplication on roots 
(Howell, 1987). Rhizosphere competence describes the relative root colonizing ability of 
rhizobacteria (Wellar and Thomashow, 1994). Bacterial traits that are linked to weak 
rhizosphere competence are poorly understood (Bull et al 1991; Handelsman et al; 1991; 
Lui and Sinclair, 1992), but some that may be important are characterized into three 
classes. Class I involves cell surface polysaccharides, fimbraie, falgella and chemotaxis 
towards seed or root exudates (Duffy et al, 1997). Class II involves growth rate and 
ability to utilize complete carbohydrates, and the class III involves osmotolernace, which 
is necessary for survival. 
/ A chickpea rhizospher-competent bacterial strain of P. fluorescens that 
suppressed F. oxysporum f sp. ciceri, R. bataticola and Pythium spp. was developed with 
the help of spontaneous chromosomal Rifr strain method (Nautiyal, 1997a) this is the first 
report of a single biocontol bacterium active against three most devastating pathogenic 
fungi of chickpea (Nautiyal, 1997b). Seed bacterization with this strain of P. fluorescent 
increased the germination of seed by 25% and reduced the number of diseased plants by 
45% compared to non-bacterized controls. The seedling dry weight, shoot length and root 
length were increased by 16-18%. A rifampicin-
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resistant mutant of P. fluorescens, used to monitor chickpea root colonization confined 
the rapid and aggressive colonization by the bacteria, making it a potential bocontrol 
agent against chickpea phytopathogenic fungi (Nautiyal, 1997b) 
Biological control of plants 
Biological control bacteria: 
Among various biocontrol agents of nematodes known to occur in soil, bacteria 
rank second after fungi. But there have been only a few attempts to explore their 
biocontrol potential. Bacteria constituting a major share of microbial community of soil 
can antagonize nematodes in various ways and influence their normal activity. There 
groups of bacteria have been stipulated on the basis of the mode of antagonism exerted 
on nematodes. These are nematoxic metabolite producing bacteria nematode parasitizing 
bacteria and plant growth promoting bacteria. 
Parasites of nematodes: 
There are a few bacteria that parasitize nematodes directly and affect their egg 
hatching larval movement, host penetration, development and reproduction (Khan, 2007,) 
Adams and Eichenmuller (1963) were probably first to notice bacterial infection of 
Pseudomonas denitrificans on a plant parasitic nematode, Xiphinema americanum. True 
parasitism on plant parasitic nematodes, however is caused by Pasteuria species. Among 
the three parasitic species viz., P. penetrans (Sayre and Starr, 1985). P. thronei (Starr and 
Sayre 1988) and P. nishizawae (Sayre et al, 1991), the former has demonstrated greatest 
potential of being an efficient parasite of plant parasitic nematodes. The species has been 
reported infecting more than 200 nematode species from different parts of the work 
(Sturhan, 1988). 
Pasteuria penetrans seems to be assemblage of numerous pathotypes and 
morphotypes. The variations, however, are not strong to create species or subspecies 
(Starr and Sayre, 1988). Hence, the bacterium is some times referred as P. pernetrans 
group. The group is mycelium and endospore forming bacteria that are strictly obligate 
parasites of nematodes (Mankau, 1975, Stirling, 1984, Brown et al., 1985, Davis et al, 
1988). Life cycle of the bacterium starts with the association of spores with nematodes 
(Sayre and Wergin, 1977). Endospores of P. penetrans adhere to the cuticle of vendering 
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nematodes, especially second stage juveniles of root-knot nematodes, Meloidogyne spp. 
in soil. The adhesion of spores to body may affect their movement and penetration of 
spore encumbered juveniles (Davies et al., 1988, Stirling et al. 1990a). Spores 
germination occurs generally when spore encumbered juveniles have entered the roots 
and started to feed on plant tissue (Davies et al, 1988). A germ tube that develops at least 
a week ager root invasion penetrates nematode cuticle and forms a microcolony in the 
hypodermis. The colony consists of dichotomously branched, vegetative septate 
mycelium that proliferates and sporulates internally and eventually body of the adult 
nematode is filled with the spores as by this time the larvae has attained maturity. 
Feeding, moulting and growth of the host nematode (infested with the bacterium) proceed 
normally, buy its reproductive capacity is destroyed and females fail to lay eggs (Sayre 
and Wergin, 1977). As a result, root galls appear on roots but egg masses are not formed. 
When remnants of roots and infected females decompose the bacterial spores are 
liberated in soil. Air-dried powder of the roots infested with P. penetrans parasitized 
root-knot nematodes serve as an inoculums source of the bacteria for lab or field 
application. A single female may contain as many as 2 million spores (Strirling, 1991). 
Duration of life cycle from endospore varies with nematode species and temperature. On 
Meloidogyne spp., the bacterium takes 22-30 and 85-100 days at 30 andC20 
respectively to produce spores. Maximum adherence of the endospores to Meloidogyne 
juvenile cuticle may occur at 26°C with pH 7.6 and 50% moisture of the soil (Chand and 
Gill, 1994). Exposure of spores to 600c may increased spores attachment but infectivity 
may decline (Giannakon et al., 1997). 
3) Other bioagents 
Toxin Producing Bacteria: Most of the antagonist bacteria contend the nematodes by 
producing nematoxic metabolites by-products, enzymes and toxins such as fatty, 
hydrogen sulphide, ammonia, certain toxins etc. (Sayre and Starr, 1988). Johnston (1957) 
reported reduction in the population of a nematode Tylenchorhynchus martini in saturated 
rice field due to production of volatile fatty acids, especially butyric acid by Clostridium 
butyricum. Other compounds like hydrogen sulphide and ammonia produced by 
Desulfovibrio desulfuricans, Nitrosomonas and Nitrobacter species have also been found 
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to be nematicidal for Hirschmanniella oryzae Meloidogyne spp., respectively (Rodriuez-
Kabanae/a/., 1965, Jacq and Fortuner, 1979, Zavaleta, 1985). 
Some bacteria, especially those belong to actinomycetes produce antibiotics such 
as avermectins which has been found quite effective against nematodes (Burg et al., 
1979; Omura, 1986). An extensive screening programme involving more than 800 
actinomycetes carried out by Mishra et al. (1987) revealed that some 10-15 
actinomycetes possessed nematicidal activity. The antibiotic valinomycin produced by a 
strain of Streptomyces annulatus was found responsible for the suppression of tested 
nematode species. Earlier researches, however, have indicated that actinomycetes attract 
and stimulate nematode activity rather than inhibiting them (Katznelson and Henderson, 
1962). 
Recent researches expose potential of other groups of bacteria that can suppress 
phytonematodes. Some rhizobacteria produce toxin that may induce mortality to 
nematode juveniles (Ignoffo and Dropkins, 1977, Becker et al., 1988, Osman et al, 
1993). Bacillus thuringiensis is well known to produce delta endo toxin which has potent 
toxic effects on insect pests and other invertebrates. The same toxin can also induce 
mortality to the juveniles of root-knot nematodes (Prasad et al., 1972). Population of 
Meloidogyne species and other nematodes were deterred by the toxin produced by B. 
thuringiensis (Ignoffo and Dropking, 1977). A few selected strains of 5 thuringensis sub 
sp. kurstak viz, Dipe, SAN 415 etc. have found effective against M.javanica (Osman et 
al., 1988). An other isolate of B. thuringiensis designated as CR-371 provided 
satisfactory control of root-knot disease of tomato in greenhouse as well as in fields 
(Zuckerman et al., 1993). Thuricide, a bioproduct of 5. thuringiensis at 0, 0.25, 0.5 and 
0.75% concentration greatly prevented emergence of M mcog«//a juveniles form eggs 
(Chahal and Chahal, 1993). During screening of 5. thuringiensis isolates for nematicidal 
activity, it was observed that the bacterial cells germinated in the intestine of the 
nematodes rapidly in the presence of bt toxin (Borgonie et al., 1994). Khan and 
Tarannum (1997), however, did not observe any nematicidal effect of 5. thuringiensis 
against M. incognita when applied in soil or on roots of tomato seedlings in a field trial. 
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Nodule forming bacteria: Root nodule bacteria such as Bradyhizobium and Rhizobium 
species which establish symbiotic association with the roots of leguminous plants 
generally produce some kind of unfavorable effects on nematode parasitism, but to a 
varying existent (Taha, 1993). About 7- 10% of the known strains of rhizobia have 
demonstrated their ability to antagonize nematodes (Sikora cand Carter, 1987). The 
plants developed rhizobial nodules, support the formation of less galls and egg masses of 
root-knot nematodes (Huang, 1987). The sedentary endoparasitic nematodes quite 
frequently invade nodules. Such nodules shed well before (Taha and Raski, 1969), 
leading to death of the females nematodes without producing egg masses. Significantly 
less number of galls caused by M. incognita and M javanica have been observed on 
rhizobia inoculated soybean, lentil and chickpea plants (Taha, 1993). Reproduction of the 
nematodes was also depressed. Zavaleta-Mejia (1985) and van Gundy (1985) screened 
more than 300 bacterial isolates on tomato and cucumber against M incognita. A 
decrease in root galls and subsequent increase in plant growth of both the vegetables were 
recorded with more than 25% isolates. 
Phosphate solubilizing microorganisms: 
i ^ Feasibility of using free nitrogen fixing bacteria (Azotobacter, Azospirillum, 
Beijerinkia species), phosphorus solubilzing bacteria (Bacillus megaterium, B. subtilis, 
Pseudomonas striata etc), iron chelating Pseudomonands (P. Jluorescens) etc. can also be 
explored for biocontol of nematodes. These bacteria play significant role in promoting 
crop productivity and may protect plants from nematode attack or alteast minimize the 
yield losses. Phosphate solubilizing microorganism can suppress nematodes through two 
ways (Khan et. al 2009). Greater availability of utilizable form of phosphorus may make 
the plants stronger enough to tolerate nematode attack. Phosphorus itself palys vital role 
in the self defense of plants against pathogens (Krikpatrick et al., 1964). PSMO also 
produce certain metabolites toxic to nematodes. Bulbiformin produced B. subtilis 
(Brannen, 1995) phenazin (Toohey, 1965) pyoleutorin (Howell and Sitpanovic, 1988); 
Pyrrolinintrin etc. (Burkhead and Geoghegan, 1994) by P. Jluorescens may adversely 
plant parasitic nematodes. 
% 
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/ • Root-dip treatments with P.Jluorescens PF-1 significantly enhanced the growth of 
tomato and reduced the infection level of M. Incognita (Santhi and Sivakumar, 1995). 
Soil application or root-dip treatment of P. fluorescem in PFS-9 in fields plots also 
produced similar effects on tomato and M. incognita, the effect being greater with soil 
application (Khan and Akram, 1997). Application of P.Jluorescens or B. polymyxa 
promoted the growth of root-knot nematode infected tomato plant and suppressed the 
galling caused by M incognita (Khan and Akram, 2000). Severity of root-knot disease of 
tomato caused by Meloidogyne spp. Was significantly decreased due to soil application 
of B. subtilis or P. fluorescens significantly increased the yield of mungbean and 
suppressed the galling and reproduction of M incognita (Khan et. al, 2002; 2007). 
Disease complex 
Efforts directed towards formulation of management systems, largely have not 
been aimed against disease complexes (multipathogenic situations). Although occurrence 
of fungus-nematode disease complexes especially wilt disease complex are quite 
common in nature (Khan and Khan, 1995), there have been only a few comprehensive 
efforts to devise an appropriate strategy for their management. Plant disease management 
itself is not an easy job, it becomes further difficult for the diseases of complex etiology, 
as manifestation of the diseases is governed by the activity of the engaged two or more 
pathogens of different kinds, and the final relationship that develops between them (Khan 
andReddy, 1993). 
Preliminary work by Windham et al. (1989) on suppressive effect of T.harzianum 
on M. arenaria initiated the scope of biological control of disease complexes, because the 
same bioagent as basically and efficient mycoparasite (Mukhopadhyay et al., 1992) as 
well as nematode suppressant. Similarly, antagonistic effect of Paecilomyces lilacinus on 
R. solani, in addition to M. incognita was reported, leading to a considerable suppression 
in the severity of the fungus-nematode disease complex on okra (Shazad and Ghaffar, 
1989). Evidences exists which suggest that a disease complex can be effectively managed 
if the biocontrol agents are selected with respect to all the pathogens engaged in the 
disease complex. For example, in nematode-fungus disease complex, if a mixture of P. 
chlamydosporia and T. virens is applied, chances of success shall be much greater than 
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their individual application (Khan and Khan 1998). A few microorganisms where an 
individual microorganism may prove antagonistic to both fungus and nematode. B. 
subtilis may antagonize root-knot nematode (Khan and Tarannum 1999; Khan et. al., 
2002), as well as wilt fungus, Fusarium oxysporum (Khan and Khan 2001, 2002). If such 
microorganisms are exploited properly the may prove efficient beignets of wilt disease 
complex. A disease complex caused by M. incognita and Marophonmina phaseolina of 
chickpea was controlled by the treatment with Bacillus subtilis or P. lilacinus under 
glasshouse condition (Siddiqui and Mahmood, 1993). Recently, Khan and Akram (2000) 
tested efficacy of P. lilacinus, cv. virens and Pseudomonas fluorescens against a disease 
complex caused by M incognita and F. oxysporum f sp. lycopersici on tomato under a 
field trail. Greatest decrease in the disease severity and subsequent increase in tomato 
yield occurred due to application ofP.fluorecens. 
55 
MATERIALS AND METHODS 
Mass culture of root-knot nematode, Meloidogyne incognita 
Infected root samples of egg plants showing root-knots were collected from fields. 
The samples were brought to lab and association of Meloidygne incognita was confirmed 
using perineal pattern technique. Egg plant seedlings in pots were inoculated with single 
egg mass. The plants were maintained so that nematode reproduced several times to raise 
the inoculums. California differential host test (Taylor and Sasser, 1978) was further 
employed to verify M. incognita irrespective of the race. The pure culture of M incognita 
was further multiplied on egg plants in pots. Finally the nematode was maintained on egg 
plants in sterilized culture beds. To prepare inoculum, infected plants were up-rooted 
from the culture bed. Egg masses were excised from the roots and were placed on a wire 
gauze in a bearmann funnel. The funnel was kept in a biological Oxygen Demand 
(B.O.D) incubator at 28-30°C for 6-8 days. The hatched juveniles were collected from the 
funnel. The nematode suspension was standardized as per the requirement. 
Mass culture of Fusarium oxysporum f. sp. ciceri 
Pure culture of the wilt fungus Fusarium oxysporum f sp. ciceri was procured 
from the division of Mycology and Plant pathology I.A.R.I., New Delhi. The fungus was 
subcultured on PDA. To confirm its pathogenicity sterilized soils in pots was inoculated 
with the pure culture of F. oxysporum i. sp. ciceri in which seeds of chickpea {Cicer 
arietinum) cv. BG-256 was sown. Three week old seedling of chickpea were uprooted, 
roots were rinsed with water and sterilized with sodium hypochlorite (5%). Small pieces 
of roots were inoculated on PDA in Petri plates. The plates were incubated in a B.O.D. 
incubator at 25-27°C for five days. There after, F. oxysporum f. sp. ciceri grew on the 
root piece was isolated and compared with the standard culture. The mass culture of the 
fungus was prepared on sorghum seeds. The seeds were soaked overnight in 5% sucrose 
and chloramphanical (30mg/L) solution. The soaked seeds were then transferred to 
conical flasks (500ml) and were autoclaved twice at l.5kg/cm^ pressure at 121*^ 0 for 15-
20 minutes. Thereafter, the flasks were inoculated with pure cultures of F. oxysporum L 
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sp. ciceri and were incubated for 8-10 days in a B.O.D. incubator at 25-27°C. During 
incubation the flask were shaicen periodically for 1-2 min. to attain the uniform growth of 
fungus. 
Potato Dextrose Agar 
Potato 200 g 
Dextrose 20 g 
Agar 15g 
Water 1 1 
After autoclaving add 250 mg/lit chloramphenicol. 
Procurement and selection of antagonist 
Fungal antagonist 
Nine strains of five antagonists, namely Trichoderma harziarum, T. virens, 
Pochonia chlamydosporium. Bacillus subtilis and Pseudomonas fluorescem used in the 
study were procured from different sources. One most effective strain of each biocontrol 
agents was selected for their use in the investigation. Selection of Trichoderma 
harzianum and T. virens was done by performing bait test. Fully colonized Petri plate 
with F. oxysporum f sp. ciceri was inoculated with the strains of Trichoderma species 
separately. The plates were incubated at 25 - 27°C for 5-6 days. Then after they were 
examined for their relative mycoparasitic activity on the Fusarium. The strain MPP-7 of 
T. harzianum and MTOM-6 of T. virens caused greatest suppression and almost grew 
fully on the entire surface of PDA in the plate. 
Tablel. Standard strains and isolates of the biocontrol fungi used in the study. 
T. harzianum T. virens P. chlamydosporia 
* ThOO* TvOO* PcOO 
ThOl TvOl PcOl 
Th02 Tv02 Pc02 
Th03 Tv03 Pc03 
Th04 Tv04 Pc04 
Th05 Tv05 Pc05 
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Th06 Tv06 Pc06 
Th07 Tv07 Pc07 
Th08 Tv08 Pc08 
Th09 Tv09 Pc09 
* Standard strains 
Relative antagonism of P. chalmydosporium strains against root knot nematode was 
tested in plastic cups. The fungus was cultured on sorghum seeds. The colonized seeds 
were applied to sterilized soil @ 2g/kg soil. This soil was filled in plastic pots (6 cm 
diameter) in which 1-2 seeds of chickpea var. BG-256 were sown followed by the 
addition of nematode suspension containing 500 freshly hatched juveniles of 
Meloidogyne incognita in each cup. The cups were placed on a green house bench. 
Suitable amount of moisture was maintained in the soil. After germination the thinning 
was done to maintain one seedling per cup. Four weeks after thinning the seedlings were 
gently uprooted and galls formed on the root system were counted. In the cups inoculated 
with the strain, IARI-7 of P. chlamydosporium lesser number of galls were formed, hence 
it was selected for further study. 
^/'Bacterial antagonist 
Relative antagonism of B. subtilis and P. fluorescem against F. oxysporum f. sp. ciceri 
and M. incognita was tested separately following the method used to test relative 
antagonism of P. chlamydosporium against M incognita. The bacterial antagonist were 
cultured on nutrient broth and were applied to soil @ 2 ml/kg soil. In place of nematode 
inoculation, 2 g sorghum seeds colonized by F. oxysporum i. sp. ciceri were added to soil 
(@ 2 g seeds/kg soil) after application of antagonist bacteria in soil. The chickpea 
seedlings inoculated with F. oxysporum f. sp. ciceri and MTCC-2274 or MTCC-12I 
strain of 5. subtilis appeared healthier and did not develop any symptom. Most effective 
strains of B. subtilis against root-knot nematode were found to be MTCC-2274 and 
I.A.R.I-I9. Similarly, application of P. Jluorescens strain MTCC-1749 or MSW-7 
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inoculated to the plants infected with M incognita plants grew healthier with lesser 
number of galls. The strain MTCC-1748 and MS TOM-6 of P. fluorescens checked the 
suppressive effect of F. oxysporum f sp. ciceri and induced greatest increase in the yield 
of infected plants. Hence, the strain MTCC-2274 of 5. subtilis and MTCC-1749 of P. 
fluorescens were selected for further use in the study. Finally the following strains of the 
five biocontrol agents were used in the study. 
1. Trichoderma harzianum, Rifai 
2. Trichoderma virens {=Gliocladium virens) Miller, Giddens and Foster 
3. Pochonia chlamydosporium (Goddard) Zare and W. Gams 
4. Bacillus subtilis, Cohn and Prazmowski 
5. Pseudomonas fluorescens, (Threvesan) Migula 
Wastes and materials tested to rear the fungal bio-agents 
Following wastes and materials were tested for mass culture of the fungal biocontrol 
agents for field application. 
1. Corn grain 2. Wheat grain 
3. Oat Kernal 4. Com cob 
5. Corn meal 6. Wheat meal 
7. Baggasse-Soil mixture (4:1) 8. Husk (4 part) - Sand (1 part) 
mixture 
9. Corncob - sand (4:1) 10. Sawdust 
1 \. Inert charcoal 12. Fly ash 
IS.Diatomaceoussoil 14. Compost 
15. Leaf litter 16. Mustard cakes 
Meida 1-4: The materials were soaked overnight in water containing 5% sucrose and 
chloramphanicol (30mg/lit.). 
Media 5-6: The materials were soaked for 6h in water containing 5% sucrose and 
chloramphanicol (30mg/lit.). 
59 
Medium 7-8: The materials were sprinicled with 5% molasses (10 ml/20g material). 
Medium 15-16: The materials were sprinkled with water (10 ml/20g material). 
All the materials after soaking or sprinkling were filled in conical flasks and autoclaved 
twice at 1.5kg/cm^ at 121°C pressure for 15-20 minutes. Next day the materials were 
inoculated with the pure culture of Trichoderma spp. After inoculation, the flasks were 
incubated in a BOD incubator at 25-27''C for a week. During incubation, the flasks were 
shaken periodically for the uniform growth of the fungi. 
Mass culture of antagonist 
Trichoderma species 
Based on the relative suitability of the wastes and materials tested to rear Trichoderma 
species, baggasse-soil molasses mixture supported greatest multiplication of the 
antagonists, hence it was used in the study for soil application of the mycoparasites. The 
baggasse-soil and molasses (BSM) were mixed in the ratio of 4:1:2.5 (5% solution in 
water). The mixture was filled in conical flasks of 500 ml capacity. Mouth of the flasks 
was tightly plugged with the cotton and autoclaved two times at 15kg/cm^ pressure 121*^ 0 
for 15-20 minutes. The flasks were inoculated with T harzianum and T. virens under 
Laminar flow hood under sterile conditions separately and incubated in a BOD incubator 
at 25-27*'C for 8-10 days. For production of large quantity of the biocontrol agents, BSM 
medium was filled in heat resistant plastic bags and autoclaved twice at 15kg/cm^ 
pressure at 121°C for 15-20 minutes. The autoclaved medium was inoculated with the 
colonized medium from conical flasks. After inoculation, the mouth of the bags were tied 
tightly and kept in a BOD incubator at 25-27°C for 8-10 days and shaken periodically. 
During this period the BSM mixture was fully colonized by the antagonist fungi and 
ready for field application. However, before application, spore load (CFU/g) was 
determined using dilution plate method. For seed treatment, Trichoderma spp. were mass 
cultured on sorghum seeds in the same way as F. oxysporum f sp. ciceri was cultured. 
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Pochonia chlantydosporium 
Greatest multiplication (colony forming unit) of P. chlamydosporium was recorded on 
leaf litter molasses mixture (LLM) which was used to mass culture the antagonist for soil 
application. To mass culture the fungus, mixture of leaf litter (coarse powder) and 
molasses in the ratio of 4:2.5 (5% solution in water) was filled in conical flasks of 500 ml 
capacity. The flasks were autoclaved twice at 15kg/cm^ pressure 121°C for 15-20 
minutes. After inoculation with P. chlamydosporium, the inoculated flasks were 
incubated in a BOD incubator at 25-27^C for 8-10 days. For large scale production, the 
leaf litter-molasses mixture was filled in heat resistant plastic bags and autoclaved twice 
at 15kg/cm^ pressure at 12l''C for 15-20 minutes. The autoclaved medium was inoculated 
with the colonized medium from conical flasks. After inoculation, the bags were tightly 
sealed and kept in B.O.D incubator at 25-27°C for 8-10 days. During this period the LLM 
mixture was fully colonized by the antagonist fungus and ready for field application. 
Before the application spore load of the fungus was determined. For seed treatment, P. 
chlamydosporium was mass cultured on sorghum seeds in the same way F. oxysporum 
f sp. ciceri was cultured. 
y^ Bacillus subtilis and Pseudomonasfluorescens 
The biocontrol bacterial were mass cultured on nutrient broth for application in soil or on 
seeds. Commercial form of the medium (M088) was procured from the Hi-media, India. 
Ingredients of nutrient broth media were as follows. 
Ingredients g/lit. 
Beef extract 3.0 
Peptic digest of animal tissue 5.0 
Potassium nitrate 5.0 g 
Water 1 1 
Final pH (at 25°C) 6.0± 0.2 
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Pot culture 
To determine the efficacy of the biocontrol agents, pot experiments were conducted 
against wilt, root knot and disease complex of chickpea. A total of 600 clay pots (15 cm 
diameter and height) were filled with steam-sterilized soil amended with compost (3:1), 
and following 29 treatments each for soil application and seed treatment were 
incorporated. Six replicates were maintained for various treatments whereas, 15 (6+9) 
replicates were taken for nematode treatments. The additional 9 replicates were used to 
monitor nematode soil population monthly. 
01. Plant (Control) 
02. Plant + Trichoderma harzianum 
03. Plant + T. virens 
04. Plant + Pochonia chlamydosporia 
05. Plant + Bacillus subtilis 
06. Plant + Pseudomonas Jluorescens 
07. Plant + Carbendazim 
08. Plant+ Fenamiphos 
09. Plant + F. oxysporum f sp. ciceri (Control) 
10. Plant + T. harzianum + F. oxysporum f. sp. ciceri 
11. Plant + T. virens + F. oxysporum f. sp. ciceri 
12. Plant + P. chlamydosporia + F. oxysporum f. sp. ciceri 
13. Plant + B. subtilis + F. oxysporum f. sp. ciceri 
14. ?\2inX + P. Jluorescens + F. oxysporum f. sp. ciceri 
15. Plant + Carbendazim + F. oxysporum f. sp. ciceri 
16. Plant + Meloidogyne incognita (Control) 
17. Plant + M incognita + T. harzianum 
18. Plant + M incognita + T. virens 
19. Plant + M. incognita + P. chlamydosporia 
20. Plant + M. incognita + B. subtilis 
21. Plant+ M incognita + P. Jluorescens 
22. Plant + M. incognita + Fenamiphos 
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23. Plant + F. oxysporum f. sp. ciceri + M. incognita 
(concomitantly inoculated control) 
24. Plant + M. incognita + F. oxysporum f. sp. ciceri + T. harzianum 
25. Plant + M. incognita + F. oxysporum f. sp. ciceri + T. virens 
26. Plant + M. incognita + F. oxysporum f. sp. ciceri + P. chlamydosporia 
27. Plant + M. incognita + F. oxysporum f. sp. ciceri + B. subtilis 
28. Plant + M. incognita + Fusarium oxysporum f. sp. ciceri + P. fluorescens 
29. Plant + M. incognita + Fusarium oxysporum f. sp. ciceri + 
Carbendazim + Fenamiphos 
Preparation of fields 
Based on the performance of the biocontrol agents in the previous experiment in the pots 
and to determine the effect of suitable antagonists singly and concomitantly on wilt, root-
knot and wilt disease complex of chickpea experiments were conducted under field 
condition. A plot measuring 60x50m was ploughed twice with the help of tractor and 
then levelled. The soil was sandy clay loam (66.7% sand, 19% silt, clay 14.3 %), water 
holding capacity 43%, pH 7.9, organic carbon 0.016, percent organic carbon 1.9 and 
available phosphorus 15.2 kg/ha. The whole plot was divided into three sub-plots each of 
55x15m. In two sub-plots, treatments of soil and seed application, and in the third sub-
plot control treatments were maintained. 
All possible combination of above three bioagents were made which are as follows 
1. Trichoderma harzianum 
2. Pochonia chlamydosporim 
3. Pseudomonasfluorescens 
4. T. harzianum + P. fluorescens 
5. T. harzianum + P. chalmydosporium 
6. P. chlamydosporium + P. fluorescens 
1. T. harzianum + P. fluorescens + P. chlamydosporium 
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To determine efficacy of combination of the biocontrol agents on the wilt, root-knot 
and wilt disease complex of chickpea, following 37 treatments were maintained for 
each seed and soil application. 
01. Plant + (Control) 
02. Plant + T. harzianum 
03. Plant + P. chlamydosporium 
04. Plant + P. fluorescens 
05. Plant + T. harzianum + P. chlamydosporium 
06. Plant + T. harzianum + P. fluorescens 
07. Plant + P. chlamydosporium + P. fluorescens 
08. Plant + P. chlamydosporium + P. fluorescens + T. harzianum 
09. Plant + Carbendazim 
10. Plant + Fenamiphos 
11. Plant + Carbendazim + Fenamiphos 
12. Plant + F. oxysporum sp. (Control) 
13. Plant + T. harzianum + Fusarium sp. 
14. Plant + P. chlamydosporium + Fusarium sp. 
15. Plant + P. fluorescens + Fusarium sp. 
16. Plant + T. harzianum + P. fluorescens + Fusarium sp. 
17. Plant + P. chlamydosporium + P. fluorescens + Fusarium sp. 
18. Plant + P. chlamydosporium + Pfluoresecens + T. harzianum + Fusarium sp. 
19. Plant + Carbendazim + Fusarium sp. 
20. Plant + M incognita (Control) 
21. Plant + M. incognita + T. harzianum 
22. Plant + M incognita + P. chlamydosporium 
23. Plant+ M incognita + P. fluorescens 
24. Plant + T. harzianum + P. chlamydosporium + M. incognita 
25. Plant + T. harzianum + P.fluorscence +M. incognita 
26. Plant + P. chlamydosporium + P. fluorescens + M. incognita 
27. Plant + P. chlamydosporium + P. fluorescens + T. harzianum + M. incognita 
28. Plant + M incognita + Fenamiphos 
29. Plant + M incognita + Fusarium sp. (Control) 
30. Plant + M incognita + Fusarium sp + T. harzianum 
31. Plant + M incognita + Fusarium sp + P. chlamydosporium 
32. Plant+ M incognita + Pfluorescens 
33. Plant + M incognita + Fusarium sp. + T. harzianum + P. chlamydosporium 
34. Plant + M incognita + Fusarium sp. + T. harzianum + P. fluorescens 
35. Plant + M incognita + Fusarium sp. + T. harzianum +P. chlamydosporium + P. 
fluorescens 
36. Plant + M incognita + Fusarium sp. + T. harzianum +P. chlamydosporium +T. 
harzianum 
37. Plant + M. incognita + Fusarium sp. + Carbendazim + Fenamiphos 
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For each treatment, three microplots (replicates) were maintained which were randomly 
arranged in the field. 
Inoculation of pathogens 
Fusarium oxysporum f. sp. ciceri 
Soil of the microplots was inoculated with the fungus colonized sorghum seeds @ 
1.5g/kg soil. The 532 g of colonized seeds were grinded in a mixer grinder and mixed in 
10 L of tap water. The suspension (10 L) was added in a microplot to achieve uniform 
distribution of the pathogen. The inoculation was done two days before seed sowing. The 
CFU load of the biocontrol agents applied in the different treatments was estimated by 
dilution plate method is mentioned in the table 3. 
Table 3. Colony forming units (CFU) load of inocula of fungi and bacteria at the 
time of application. 
Treatments For pots For field 
Soil Application: 
F. oxy f. sp. ciceri 21xl08CFUs/gSS 20xl08cFUs/gSS 
Rhizobium 25xl08CFUs/gF 24xl08CFUs/gF 
T. harzianum 20xl09cFUs/gBSM 22xl09CFUs/gBSM 
T. virens 15xl09CFUs/gBSM 
P. chlamydosporia 5xl08CFUs/gBSM 6xl08cFUs/gBSM 
B. subtilis lOxlo'3 CFUs/ ml 
NB 
P.Jluorescens 12x1014 CFUs/ml 12xl0l4 CFUs/ml 
NB NB 
Seed Treatment: 
T. harzianum 8xl08cFUs/seed lOxlO^CFUs/seed 
T. virens SxlO^CFUs/seed 
P. chlamydosporia 2x10*7 CFUs/seed 3xl07CFUs/seed 
B. subtilis 8xl0l2cFUs/seed 
P. fluorescens llxl0l3cFUs/seed 10xlOl3cFUs/seed 




Nematode inoculation was done @ 2000 second stage juveniles/icg soil. Ten liters water 
containing 710 thousands second stage juveniles of M. incognita was added to a 
microplot to obtain uniform population of the nematode (2000 hl^g soil). The 
inoculation was done a day before the fungus inoculation. 
Trichoderma hanianum and T. virens 
Soil application of Trichoderma spp. cultured on baggasse soil-molasses was done @ 
40g/microplot (@50kg/ha) at the time of seed sowing. The application was done in rows 
where the seeds were to be sown. Whereas for seed treatment, sorghum seeds colonized 
by the biocontrol agent were first grinded in an electric grinder to make a paste that was 
used to apply on chickpea seeds @ 5g/kg seeds along with the Rhizobium. 
Pochonia chlamydosporium 
Leaf litter-molasses mixture colonized with P. chlamydosporium was applied in the soil 
@ 40g/microplot (50kg/ha) after the inoculation of pathogens at the time of seeds 
showing. The applications of the biocontrol agent was done in rows where seeds were to 
be sown. Whereas for seed treatment, thick paste of the biocontrol agent colonized 
sorghum seeds was applied on seeds @ 5g/kg seed along with the Rhizobium. 
y^acillus subtilis and Pseudomonas fluorescens 
Forty ml of three days old cultures of both the microorganisms on nutrient broth diluted 
in 10 L of water was added to the soil of one microplot. For seed treatment the broth 
(5ml/kg seeds) was applied on seeds along with the Rhizobium 
Compatibility of biocontrol agents with fungicide and nematicide 
Five fungicides viz., carbendazim (bavistin 50 WP), mancozeb (dithane M-45 WP), 
metalaxyl (apron 35 SD), carbofuran and thiram (TMTD 75 WP) were tested against 
biocontrol agents using poisoned food technique (Grover and moore, 1961). Fifty ml 
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double strength PDA taken in Erlenmeyer flasks of 250 ml capacity was autoclaved at 15 
kg/cm^ pressure 12rC for 15-20 minute. Different concentration of fungicides from 25 to 
5000 ng/ml were prepared in distilled water. Fifty ml of a concentration was aseptically 
transferred to the Erlenmeyer flask containing liquid PDA. Five Petri plates of each 
concentration of the fungicide were prepared by pouring 20 ml PDA aliquots in each 
Petri plate of 90 mm diameter and allowed to solidify. Thereafter the plates were seeded 
centrally with a 3 mm disc of 4 days old culture of T. harzianum, T. virens and P. 
chlamydosporia. PDA plates without a fungicide but inoculated with the radial growth of 
the colony in each treatment was measured and the present inhibition of growth was 
calculated by the formula given below and ED90 (maximum inhibitioin concentration) 
and ED50 (safe tolerance concentration) were determined. To determine the compatibility 
of B. subtilis and P. jluorescens with the same fungicide, 25 to 50, 000 ng/ml 
concentrations were prepared in doubled distilled water. Double strength nutrient agar 
was used as medium for both the bacteria. Twenty ml of nutrient agar containing desired 
concentration was prepared in Petri plates and left over night to observe contamination, if 
any. Thereafter 0.1 ml of overnight culture (10^ CFU) was prepared over the solidified 
plates with a glass spreader. The plates were incubated at 30 ±2°Cfor 24 hrs and bacterial 
growth was observed. 
I = C-T X 100 
C 
Where, I = Percent growth inhibition; C = Radial growth in control (mm); T = Radial 
growth in treated plates (mm). 
Crop culture 
Seeds of chickpea, Cicer arietinum L. var. BG-256 were sown in rows (57 seeds/row, 4 
rows/microplot) where pathogen and antagonist(s) had already been applied. One week 
after sowing irrigation was done. Weeds were removed manually monthly (three times 
during the experiment) and any chemical fertilizer or pesticide was not applied in the 
field. Plants were grown for four months. During this period they were regularly 
observed for any symptom. 
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Soil population 
Fungi and Bacteria 
Soil population of the wilt fungi and biocontrol agents was estimated monthly using 
dilution plate method. Soil was collected from the rhizosphere of five plants in each 
microplot and was mixed to make a composite sample. The soil was sieved through a 
coarse sieve. One gram of the soil was taken in a conical flask to which 10 ml sterile 
water was added. The soil-water mixture was stirred over a magnetic stirrer for 5 
minutes. One ml of this suspension was transferred into 9 ml of sterile water in a test tube 
blank. One ml samples were then transferred immediately through successive 9 ml sterile 
water blanks until the desired final dilution of 1:10000 (for fungi) and 1:100000 (for 
bacteria) was achieved. 
For fungi, 1 ml of the desired dilution was aseptically transferred (under Laminar 
flow) to the surface of the solidified potato dextrose agar medium in Petri plates and 3 
such plates were maintained for each dilution. The transferred suspension was spread 
over the agar surface with a glass spreader. The agar plates were prepared four days 
previously to ensure that the medium in the plate was free from contamination. 
The plates were then incubated at 25-27°C for 7-10 days to get the colonies. To 
determine the population of bacteria, 0.3 ml of the final dilution was spread over 
solidified surface of nutrient broth in a Petri plate and incubated at 37°C {B. subtilis) or 
30°C {P. fluorescem) for 3 days. After incubation, the plates were examined under a 
colony counter to determine soil population of the desired microorganism. 
Root-knot nematode 
Population of M incognita was determined monthly by Cobb's decanting and sieving 
method. A composite soil sample was made by collecting the soil from the rhizosphere of 
five plants in each microplot. The soil was passed through a coarse sieve. The soil (1 kg) 
was mixed in 5 liters of water in a plastic bucket. The soil-water mixture was stirred and 
then allowed to stand for 30 seconds. The liquid was then decanted over a combination of 
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3 sieves (60, 200, and 500 mesh). The catch from the final sieve was carefully washed 
and transferred to a beaker. 
A small coarse sieve with two layers of wet paper towels was kept in a Baermann 
funnel filled with water. The nematode suspension from the beaker was poured onto the 
sieve and allowed to stand overnight. The nematodes move actively and migrate through 
the paper towel into the water and aggregate in the bottom of the rubber tubing of 
Baermann funnel. The nematode suspension recovered from the Baermann funnel was 
taken into a counting dish for examination under microscope. 
Root-nodulation 
Two months old plants were randomly uprooted from each microplot (5 plants/microplot) 
to count root nodules. Pink and healthy nodules were recognized as a functional nodules, 
where as dark brown and degenerated ones as nonfunctional nodules. 
Harvesting 
Four months after sowing mature plants of chickpea were randomly uprooted from the 
pots (3 plants/treatment) whereas in case of field trials, 10 plants from each microplot and 
the following parameters were determined. 
1. Plant length 
2. Dry weight of plants 
3. Number of pods/plant 
4. Number of seeds/plants 
5. Weight of seeds/plant 
6. Root-knot severity 
7. Functional nodules/root system 
8. Total nodules/root system 
9. Non-functional nodules/root system 
10. Nematode reproduction 
11. Rhizosphere population of pathogens and bioagents 
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Wilt 
Visual observations were made on two and a half months old chickpea plant respectively 
to determine wilt incidence and severity according to the following formulae 
Number of plants showing wilt symptoms in a microplot 
Wilt incidence = Total number of plants in a microplots xlOO 
Number of branches/twigs showing wilt symptom 
Wilt severity = Total number of branches /twigs of plant x 100 
The % incidence was converted into wilt index on 0-5 scale. 0= no wilting, 1= 1-19%, 2= 
20-39%, 3= 40-59%, 4= 60-79%, 5= 80-100%. 
Root-knot 
Plants were carefully uprooted to avoid root loss. Roots were gently washed in slow 
stream of water. The roots were visually observed to count galls which are out 
growth/swellings of root parts. To count eggmass, roots were treated with phloxine B 
solution (0.159g/L) which gave a blue stain to egg masses. 
Statistical analysis 
Since three microplots were maintained for each treatment, observations were taken from 
ten plants from each treatment were averaged and considered as one replicate. For pot 
experiments, 5 replicates were maintained for each treatment with additional 9 replicates 
for biocontrol agent and pathogen population estimation (3 pots/month). The data on 
plant growth and yield were subjected to a two-factor analysis of variance. Pathogens 
were considered as one factor, whereas bioagent management (biocontrol agent and 
pesticides) as second factor. The experiment on the relative effectiveness of bioagents 
was conducted during two consecutive years. The data on these experiments was 
analyzed separately. The data on wilt incidence, root-knot, soil population etc. were 
analyzed for single factor ANOVA. Wilt incidence and severity was angularly 
transformed before the analysis. Least significance difference (L.S.D) was calculated at 
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P<0.05 for all the variables to compare individual treatments. Histograms have been 
prepared for most of the data. 
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RESULTS 
Experiment - 1 
IN-VITRO EXPERIMENTS 
Characteristics of wilt fungus and biocontrol agents 
WiJt fungus, Fusarium oxysporum f. sp. ciceri 
The wilt fungus Fusarium oxysporum f. sp. ciceri was procured from the divison of 
Mycology and Plant pathology I.A.R.I., New Delhi. It produced extensive and cottony 
mycelium in the artificial culture. During the early stage, the mycelium was colourless 
but the older culture became cream to pale yellowish in colour (Fig.l). The mycelium 
was septate, hyaline and produced three types of spores in the culture on PDA. 
Microconidia were small elliptical or with 1-2 septa and produced most abundantly in the 
culture, macroconidia are the typical fusarium spores. The macroconidia are three to five 
celled have gradually pointed and curved ends (Fig.2). And the chlamydospores are one 
to two celled, thick walled, spherical round spores and were formed in older cultures 
from any cell of the hyphae. 
Based on Koch's postulates the pathogenicity of the fungus was confirmed. The 
inoculum of the pathogenic fungus was prepared on sorghum seeds and these seeds were 
inoculated in the pots containing autoclaved soil. Healthy and surface sterilized seeds of 
chickpea cv. BG-256 were sown in these pots. Three week old seedlings of chickpea 
were uprooted, roots were rinsed with water and sterilized with sodium hypochlorite 
(5%). Small pieces of roots were inoculated on solidified PDA in Petriplates, and plates 
were incubated in a B.O.D incubator at 25-27°incubator for five days. There after, the 
fungus isolated was compared with the standard culture. The symptoms were identical to 
those recorded in naturally infested plants. Blackening was sometimes visible through the 
bark as streaks or bands. 
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Fig. 1: Plates showing the wilt fungus Fusarium oxysporum f. sp. ciceri 
isolated from infected chickpea pods. 








Characteristics of biocontrol agents 
Cultural and morphological characterstic of the selected strains of T. harzianum, T. 
virens, P. chalamydosporia, Bacillus subtilis and P. fluorescens 
Trichoderma harzianum (Th 00) 
T. harzianum is a fast growing fungus and it covered the entire medium in 90 mm Petri 
plate in 4 days. It produced septate, hyaline and branched mycelium, and spores within 2 
days of incubation in alternate concentric rings. Spores were formed on divergent whorls 
of 2-6 phialides borne on conidiophores. The phialospores were green, sub globose to 
short ellipsoid and 1.5-2.5 nm in size. Chlamydospores were also formed intercalarly in 
the mycelium. The fully grown PDA plate was light green with fluffy mycelial growth 
(Fig. 3). 
Trichoderma virens (Tv 00) 
The fungus grew actively but slightly lesser than T. harzianum and attained a growth of 
70-80 mm in 4 days. Aerial mycelium was floccose initially white and later turned deep 
green due to sporulation(Fig 4). It produced conidiophores terminated with flask shaped 
convergent phialides. Conidia from adjacent phialides often coalesce into large gloeoid 
masses (spore ball) 
Pochonia chlamydosporia 
The biocontrol agent P. chlamydosporia is a slow growing fungus and covered 30 mm 
growth in 10 days on solidified PDA in Petri plates in 10 days. Colonies appeared 
granular due to the abundant production of dictyochlamydospores which were 15-20 nm 
in size. The mycelium is white in colour (Fig. 5A & B). 
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Fig. 3: Plate showing picture of the biocontrol fungus : Trichoderma 
harzianutn. 
Fig. 4: Plate showing picture of the biocontrol fungus : Trichoderma virens. 
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Fig. 5 : Plate and slide showing the picture and spores of the 








Bacillus subtilis -^''m Vt^^^ 
The bacteria produced milky white colonies with rough or serrated margins. The colonies 
smell earthen (Fig.6). Cells were rod shaped or straight. It stained violet on performing 
Gram staining test indicating it to be a gram negative bacteria. The cells in four days old 
culture formed endospores. 
Pseudomonas fluorescens 
The bacteria produces slimy colonies on the King's B Agar medium with smooth 
margins (Fig.7). It produces pyoverdin pigments into the medium giving fluorescent 
colour to the media. Cells were straight rods and the bacteria stained pink on Gram 
staining showing it to be a gram -ve nature. 
Comparison of growth rates (monoculture) 
T. harzianum showed the faster radial growth than T. virem after 72 hrs of monoculture 
and incubation T. harzianum covered the entire surface of PDA plate attaining a growth 
of 90 mm, whereas T. virem attained 81 mm. Rest of the soil isolates of both speceis also 
grew luxuriantly but were less efficient than standard strains . 
Bait test 
Bait test was performed to test varied antagonistic potential of Trichoderma spp. against 
F. oxysporum f. sp. ciceri . The strain MPP-7 (Th 00) of Trichoderma harzianum and 
MTOM-6 of T. virens (Tv 00) caused greatest suppression of Fusarium and covered 
entire surface of the PDA in the plate. 
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Fig. 6: Plate showing picture of the biocontrol bacterial agent ; Bacillus 
subtilis. 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ V^ 
W 'jflE^ 1 Jwt 
^ ^ ^ ^ ^ Bacillus subtiiis^^M 
wKHS^stk 
Fig. 7: Plate showing picture of the biocontrol bacteria : Pseudomonas 
fluorescens. 
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Nematicidal effects of biocontrol agents in-vivo 
Nematode hatching and mortality 
Relative antagonism of P. chalmydosporium strains against root knot nematode was 
tested in plastic tea cups. The fungus colonized seeds were applied to sterilized soil @ 
2g/kg soil and one seedling was maintained in each cup. The nematode suspension 
containing 500 freshly hatched larvae were applied to the pots. In the cups inoculated 
with the strain, IARI-7 of P. chlamydosporium (Pc 00) lesser number of galls were 
formed, hence it was selected for further study. 
Compatibility of pesticides with biocontrol agents 
The concentrations, 405 and 500 |ig carbendazim/ml, 2200 and 2400 ng metalaxyl/ml, 
875 and 1000 |ig captan/ml, 625 and 755 ng mancozeb/ml, 95 and 150 ng thiram/ml 
and 1000 and 1150 ng nemacur or forodon/ml caused maximum inhibition in the 
growth of the Trichoderma spp.( Table 4). Tolerance for metalaxyl was 5 times higher 
than carbendazim, 2400 ng metalaxyl/ml and 500 ng carbendazim/ml medium inhibited 
90% (ED90) growth of T. harzianum. The fungicides at concentrations of 60 ng 
carbendazim/ml, 160 |ig captan/ml, 225 \ig mancozeb/ml, 1050 ng metalaxyl/ml, 950 ng 
furodon/ml and 980 ng nemacur/ml seemed to be safe tolerance limit (ED^Q) for T. 
harzianum. For T. virens, ED50 was 40 |ig carbendazim/ml, 125 fig captan/ml, 177 ng 
mancozeb/ml 1000 ng metalaxyl/ml and 700 ng furadon or nemacur/ml. The ED50 of 
thiram for growth of T. harzianum and T. virens was 150 and 95 |ig/ml medium (Table 
4). Therefore, 25 and 9 \i% of thiram/ml concentrations seemed to be safe tolerance limit 
(EDJQ) for T. harzianum and T. virens, respectively. Pochonia chlamydosporia showed 
less tolerance to the five fungicides tested. The fungus was inhibited (EDQQ) by the 
concentrations of 250 ng carbendazim/ml, 500 ^g each of captan and metalaxyl/ml, 350 
Hg mancozeb/ml, 50 ng thiram/ml and 450 ng nemacur/ml. Whereas the safe tolerance 
limit (ED50) values for P. chlamydosporia were 37.5 ng carbendazim/ml, 75 \ig 
captan/ml, 100 ng metalaxyl/ml, 5 ng thiram/ml, 110 |ig mancozeb/ml and 250 ng 
nemacur or 
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furadon/ml. Biocontrol bacteria were found more tolerant to fungicides than fungi (Table 
4). B. subtilis also do showed tolerance upto 4200iig nemacur and 4000|ig furadon/ml. 
The maximum tolerance concentration (MTC) for B. subtilis were 3200 ng captan/ml, 60 
Hg thiram/ml 600 ^g mancozeb/ml. Whereas in case of carbendazim the bacteria showed 
tolerance even for a concentration of 5 g/100 ml (50, 000 mg/ml) (Table 4 ). P. 
fluorescem was found to be more compatible than B. subtilis with fungicides and 
nematicides, the MTC for the former being 2500 ng Thiram/ml, 1600 |ig mancozeb/ml 
and 5 g/100 ml for captan and carbendazim 8000 ng nemacur/ml and 7500|ig foradon/ml 
(Table 4). 
Table 4. In vitro compatability of Trichoderma harzianum, T. virens, Pochonia 
chlamydosporia, Bacillus subtilis and Pseudomonas fluorescens with some common 
fungicides and nematicides. 
T. harzianum T. virens P. chlamydosporia B. subtilis P. fluorescens 
MTC* MIC MTC MIC MTC MIC MTC MIC MTC MIC 
Carbendazim 60 500 40 405 37.5 250 50,000 - 50,000 -
Metalaxyl 1050 2400 1000 2200 100 500 7,000 10,000 10,000 25,000 
Captan 160 1000 125 875 75 500 3200 4000 50,000 
Mancozeb 225 755 177 625 110 350 600 1000 1600 2000 
Thiram 25 150 9 95 5 50 60 100 2500 3000 
Nemacur 980 1150 700 1000 250 450 3500 4200 8000 9000 
Furadon 950 1150 700 250 250 450 3000 4000 7500 3500 
MTC-Maximum tolerance concentration; MIC- Maximum inhibition concentration. 
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Mass culture of biocontrol agents on agricultural wastes 
The fungus T. harzianum colonized preferly (90-100%) on most of the media tested, 
except husk + sand + molasses (15% colonization) (Table5; Fig.8). The spore load of the 
fungus in terms of colony forming units/g media was greatest on sawdust + molasses and 
bagasse + soil + molasses. On the husk + sand + molasses, the CFU counts were low. 
Colonization by T. virens was 100% on corn meal + sucrose, bagasse + soil + molasses, 
wheat meal + sucrose and corn cob + sand + molasses. The CFU count was greatest on 
sawdust + molasses, corn meal + sucrose mixture, bagasse + soil + molasses and wheat 
meal + sucrose. On husk + sand + molasses and corn cob + molasses, very low CFUs 
were detected. Colonization by P. chlamydosporia was 100% on saw dust + molasses, 
corn meal + sucrose + mixture and wheat meal + sucrose. The CFU counts were greatest 
on corn meal + sucrose mixture, but significantly less on oat kernel + sucrose and lower 
on other media. The fungus neither colonized nor produced spores on corn cob + sucrose, 
corn cob + molasses and corn cob + sand + molasses. Among Trichoderma species, T. 
harzianum was the fastest and most efficient colonizer. P. chlamydosporia was highly 
selective, growing on only 8 of the media tested and produced low CFUs. Saw dust + 
molasses, bagasse + soil + molasses were the best media for mass culture of the 
biocontrol agents. CFU counts of the organisms on bagasse + soil + molasses and saw 
dust + molasses were compared with available biopesticides in India. Since India is a 
major sugarcane producing country, bagasse, saw dust and molasses are available locally 
at low cost. Their use as a media to mass culture biocontrol fungi will create an 
opportunity for farmers to produce their own mass culture of organism if a suitable 
technology is developed and transferred to them . 
Fig. 8: Production of Trichoderma spp. on bagasse - soil - molassess 
mixture. 
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Table 5. Colonization and sporulation of biocontrol fungi, Trichoderma harzianum, 
T. virens and Pochonia chlamydosporia on agricultural materials. 
T. harzianum T. virens P. chlamvdosporia 
Media Colonization CFU/g Colonization CFU/g Colonization CFU/g 
% (x 104) % (x 104) % (x 104) 
Com Grain + Sucrose 93 108 80 80 90 60 
Com Meal + Sucrose 98 113 100 106 100 110 
Compost + Sucrose 91 102 50 81 - -
Leaf litter + Sucrose 100 122 33 17 90 65 
Wheat Grain+Sucrose 100 103 60 84 20 -
Wheat Meal + Sucrose 100 105 100 105 100 55 
Oat Kemal + Sucrose 100 108 86 25 50 85 
Com Cob + Sucrose 90 111 15 24 - -
Corn Cob + Molasses 90 113 3 5 - -
ComCob+Sand+Molasses 100 96 100 95 - -
Bagasse+Soil+Molasses 100 124 100 106 90 70 
Saw Dust + Molasses 100 130 100 110 100 78 
Husk+Sand+Molasses 15 2 13 2 50 10 
Each value is mean of three replicates. 
Selection of strains/isolates for further study 
Based on in vitro performance of the standard strains and soil isolates of biocontrol 
agents; the standard strains viz., Trichoderma harzianum (Th 00), T. virens (Tv 00), 
Pochonia chlamydosporia (Pc 00), Bacillus subtilis (Bs 00) and Pseudomonas 
fluorescens (Pf 00) were selected for further study for the reason that they showed faster 
growth rate, had more and greater antipathogenic activity. 
83 
Experiment - II 
POT TRIAL FOR EVALUATION OF RELATIVE EFFECTIVENESS OF SOME 
BIOCONTROL FUNGI AND BACTERIA AGAINST WILT, ROOT-KNOT AND 
WILT DISEASE COMPLEX OF CfflCKPEA 
Symptoms 
Fusarial wilt 
Inoculation with tiie wilt fungus, Fusarium oxysporum f. sp. ciceri (2 g colonized 
sorghum seeds/kg soil) caused characteristic symptoms of the wilt disease. The first sign 
of the disease was stunted growth and mild chlorosis that appeared at seedling stage. 
Some plants at the seedling stage exhibited drooping that led to their mortality. The 
seedlings which escaped early infection showed chlorosis and stunted growth at one 
month of age. At the advanced stage of plant growth, the whole plant, branches or twigs 
became brown and subsequently dried and died (Fig.9). The severity of wilt on an 
average was 3.6 on 0-5 scale. Application of biocontrol agents through soil or seed 
treatment decreased the severity of wilt symptoms. Greatest decrease in the wilting 
occurred with seed treatment (67 & 64%) and soil application (67 & 61%) of T. 
harzianum and T. virens respectively, followed by P. fluorescem (57%). Treatment with 
B. subtilis controlled the wilting by 56% (seed treatment) and 53% (soil application). 
Application of carbendazim treatment checked the wilt severity 42-53%. Application of 
nemacur did not influence the wilting. 
Root-knot symptoms 
Chickpea plants inoculated with 2000 J2 of Meloidogyne incognita /pot, exhibited stunted 
grovk^ h and mild chlorosis. On an average 82 galls and 71 eggmasses/root system were 
recorded (Fig. 10). The applied biocontrol agents suppressed the gall formation and egg 
mass production but to a varied extent. Pochonia chlamydosporia caused the highest 
suppression in the number of galls, 20% decrease by soil applicationand 26%. by seed 
treatment.The egg mass production decreased by 19%) (soil application) and 24%. by (seed 
treatment) with P. chlamydosporia. Effect of P. fluorescem was more or less similar to P. 
chlamydosporia. Treatment with B. subtilis also significantly suppressed {P< 0.05) the 
galling and egg mass production by 15 and 9%, and 18 and 12% with soil and seed 
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treatment, respectively. Application of nemacur caused 7-12% and 14-19% decrease in 
the number of galls and egg masses respectively. Trichoderma spp. and carbendazim 
treatments did not influence the nematode galling and egg mass production. 
Disease complex 
Severity of wilt caused by F. oxysporum i. sp. ciceri increased significantly {P< 0.05) in 
the pots concomitantly inoculated with M incognita but gall formation and egg mass 
production were lower {P< 0.05) in comparison to absense of wilt fungus . Application of 
biocontrol agents resulted to decrease in the severity of wilt as well as root-knot 
symptoms. Greatest decrease in 
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Fig. 9 : Effects of seed treatment and soil application of biocontrol agents on the wilt 
severity (0-5) scale of chick pea in pots caused by Fusarium oxysporum f. sp. 
ciceri alone and in combination with Meloidogyne incognita. 
i • Control 
i • P.tluot^ecens 
• f. harzianum 
OB subtlis 
D T. vfrens 
• Carbendazm (Cb) 




V * W+RKN 
SoU Application Seed Treatment 
Fig.10 : Effect of soil application and seed treatment of biocontrol agents on gall 
formation and egg mass production of Meliodogyne incognita. 
I T. hanianum 
IB. subUlis 
• T virens 
• Cartendazim(Cb 
D P chlamydospoha 
• Nemacur (Mn) 
aarlllliM 
RKN RKN + W 
Sol Application 
RKN RKN + \/\f 
Seed Treatment 
RKN RKN + WF . RKN RKN + WF 
Soi Application Seed Treatment 
RKN: Root knot nematooe /.f: Wit Fungus 
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the wilt symptoms of concomitantly inoculated plants was recorded due to seed treatment 
(61%) or soil application (61%) by P. Jluorescem in comparison to the inoculated 
control. B. subtilis were next in effectiveness and decreased the wilting by 58%. 
Application off. harzianum and T. virens decreased the wilting by 34-39% over control. 
The pesticides nemacur and carbendazim however, checked the wilt symptoms by 56-
58% and 48-51%, respectively. Gall formation of concomitantly inoculated plants was 
reduced by 26 and 15% due to seed and soil treatment with P. chlamydosporia compared 
with the control; corresponding values for P. fluorescens were 18 and 14%. With B. 
subtilis treatment the galling was 10-13% less than the control. Soil application or seed 
treatment with nemacur suppressed the gall formation by 12 and 10%. The fungicide and 
Trichoderma spp. did not influence the galling. Similar effects of various treatments were 
recorded on egg mass production 
Dry matter production and yield 
Chickpea plants applied with P. fluorescens produced dry matter 45-46% and yield 35-
36% greater than those not applied with the bacteria (Table 6). This growth promoting 
effect was greater with the seed treatment. Application of 5. subtilis also improved the 
dry matter production of chickpea but relatively less than P. jluorescem. 
Infection by the wilt fungus suppressed the dry matter production and yield of 
chickpea by 18 and 17%, respectively than the control. Application of various treatments 
compensated the yield loss but to a varying extent. Seed treatment with P. fluorescens 
promoted the dry matter production and yield by 76 and 58%, respectively. 
Corresponding values for soil application were 66 and 54%, respectively. B. subtilis were 
next in effectiveness inducing 53-75% enhancement in the variables considered. 
Trichoderma spp. also induced significant effect. The plants also gave significantly 
greater yield with the treatments of carbendazim and nemacur. 
Chickpea plants infected with root-knot nematode, M incognita produced dry 
matter and yield by 12 and 10% less than the control (Table 6). Application of P. 
chlamydosporia significantly promoted the dry matter production and yield of nematode 
infected plants in comparison to the nematode inoculated control, the effect was 8-9% 
greater with the seed treatment than soil application. Seed treatment with P. fluorescens 
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or B. subtilis increased the yield by 34-42% over control. The yield of chickpea was also 
significantly improved due to application with nemacur. 
Concomitant inoculations with wilt fungus and root-knot nematode greatly 
suppressed the dry matter production (38%) and yield (36%) of chickpea over 
uninoculated control (Table 6). All treatments applied significantly improved the 
considered variables of infected plants in comparison to the concomitantly inoculated 
control. Greatest enhancement in the dry matter and yield of infected plants was recorded 
with seed treatment (60 and 48%) or soil application (53 and 41%) by P. fluorescens 
compared to the concomitantly inoculated control. Next in effectiveness was B. subtilis 
that gave 36-45% increase in the yield. Treatment with T. harzianum, however, improved 
the dry matter and yield by 32-34% and 14-18%, respectively. The pesticide treatment, 
nemacur and carbendazim significantly {P< 0.05) increased the dry matter production and 
yield over the control. 
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Table 6. Effect of seed treatment and soil application of biocontrol agents on the dry 
matter production and yield of chickpea in pots inoculated singly or concomitantly 











WF + T. harzianum 
WF + T. virens 
WF + P. chlamydosporia 
WF + B. subtilis 
WF + P. fluorescens 
WF + Carbendazim 
WF + Nemacur 
Control (C3) 
RKN + T. harzianum 
RKN + T. virens 
RKN + P. chlamydosporia 
RKN + B. subtilis 
RKN + P. fluorescens 


















17.2 (7.5) 16.5 (3.1) 
17.2(-11.8) 17.2(-11.8) 
19.8(15.1) 19.1(11.0) 
19.6(13.9) 18.9 (9.9) 
23.8(38.4) 22.3(29.6) 
23.2(34.9) 22.1 (28.5) 





8.0 (15.9) 7.6 (10.1) 
8.2 (18.8) 8.1 (17.4) 
7.6 (10.1) 7.3 (5.8) 
9.4 (36.2) 9.2 (33.3) 
9.3(34.8) 9.4 (36.2) 
7.5 (8.7) 7.2 (4.3) 
7.5 (8.7) 7.3 (5.8) 
5.7 (-17.4) 5.7 (-17.4) 
8.5 (49.1) 8.2 (43.8) 
8.3 (45.6) 8.1 (42.1) 
6.1 (7.0) 6.0 (5.3) 
8.9 (56.1) 8.7 (52.6) 
9.0 (57.9) 8.8 (54.4) 
7.0 (22.8) 6.7 (17.5) 
6.3 (10.5) 6.0 (5.3) 
6.2 (-10.1) 6.2 (-10.1) 
6.9 (11.3) 6.5 (4.8) 
6.9 (11.3) 6.1 (1.6) 
8.1 (30.6) 8.0 (29.0) 
8.6 (38.7) 8.3 (33.9) 
8.8 (41.9) 8.5 (37.1) 
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1613* 7129* 231* 1244* 
376 1121 341 1549* 
44* 144* NS 36* 
RKN + Carbendazim 18.0(4.6) 17.5(1.7) 6.4 (3.2) 6.3 (1.6) 
RKN + Nemacur 20.3(18.0) 20.0(16.3) 7.4(19.3) 7.2(16.1) 
Control (C4) 12.1(-37.9) 12.1(-37.9) 4.4 (-36.2) 4.4 (-36.2) 
WV + KKN+T.harzianum 16.2(33.9) 16.0(32.2) 5.2(18.2) 5.0(13.6) 
WF + RKN + r. v/rera 16.1(33.0) 16.3(34.7) 5.1(15.9) 5.3(20.4) 
Wf + ^ KN +P. chlamydosporia 15.0 (24.0)14.3 (18.2)5.1(15.9)4.8(9.1) 
WF + RKN+ B.subtilis 19.2(58.7) 18.3(51.2) 6.4(45.5) 6.0(36.4) 
WF + RKN + P. fluorescem 19.4(603) 18.5(52.9) 6.5(47.7) 6.2(40.9) 
WF + RKN + Carbendazim 15.9(31.4) 15.7(29.7) 5.0 (13.6) 4.8 (9.1) 
WF +RKN + Nemacur 17.0(40.5) 16.3(34.7) 5.3(20.4) 5.0(13.6) 
LSD(P<0.05) 0.12 0.05 0.10 0.06 
F-value P< 0.05 
Control agents (df = 7) 
Pathogens (df = 1) 
Interaction (df = 7) 
Values in parenthesis are percent increase (+ ve) or decrease (- ve) over respective control 
(Plants not inoculated with either pathogen but applied with biocontrol agents were compared 
with Uninoculated Control C1, wilt fungus inoculated plants applied with biocontrol agents were 
compared with fungus inoculated control C2, nematode inoculated plants applied with biocontrol 
agents were compared with nematode inoculated control C3, concomitantly inoculated plants 
applied with biocontrol agents were compared with concomitantly inoculated control C4). * 
Significantly different from the control at P< 0.05; NS- Not significant at P < 0.05. 
Root nodulation 
The nodulation induced by the Rhizobium in chickpea roots was quite good and it further 
increased in the presence of the biocontrol agents used, being greater with P.fluorescens 
(Table 7). Infection by F. oxysporum f sp. ciceri and M. incognita singly or 
concomitantly resulted to a decrease in the number of functional and total nodules per 
root system in comparison to the control. Decrease in the nodulation by concomitant 
inoculation of the pathogens was significantly greater than their individual effects {P< 
0.05). Application of various treatments checked the suppressive effect of the pathogens 
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on root nodulation. Application of P. fluorescens through soil or seed treatment increased 
the number of functional nodules by 31 and 30%, respectively, in the plants infected with 
the wilt fungus in comparison to the respective controls. Next in nodule promotion were 
B. subtilis, P. chlamydosporia, T. harzianum and T. virens. Treatment with carbendazim 
and nemacur suppressed the nodule count/root system but it was significant at P< 0.05. 
Root nodulation in nematode infected plants also improved with most of the treatments 
applied (Table 7). Greatest promotion in the functional nodules of nematode infected 
plants occurred with P. fluorescens (16-17%), followed by B. subtilis (14-16%) and P. 
chlamydosporia (8-12%) in comparison to the nematode inoculated control. Nemacur 
application resulted to 8-9%) increase in the functional nodules. Almost similar effect of 
various treatments was recorded on the nodulation of concomitantly inoculated plants and 
the order of nodule promotion was P. fluorescens > B. subtilis > P. chlamydosporia > T. 
harzianum > T. virens . The order in the decrease of nonfunctional nodules was B. 
subtilis = P. fluorescens P. chlamydosporia> Trichoderma spp. 
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Table. 7: Effect of seed treatment and soil application of biocontrol agents on the 
functional and non-functional nodulation of chickpea in pots inoculated singly or 
concomitantly with Fusarium oxysporum f. sp. ciceri (WF) and Meloidogyne 
incognita (RKN). 
Treatment 
Factional nodules Non- functional nodules 
Seed Soil Seed Soil 
Treatment Application Treatment Application 
Control (CI) 41.2 41.2 12.6 12.6 
T. harzianum (Th) 52.9*(21.8) 50*(21.3) 12(-4.8) 12.2(-3.2) 
T. virens (Tv) 50.2*(21.8) 49.5*(20.1) 12.3(-2.4) 12.3(-4.8) 
P. chlamydosporia (Pc) 48.5*(17.7) 48*(16.5) 13.1(3.9) 13.4(6.3) 
P.fluorescens (Pf) 54.4*(32) 54*(31.1) 10.3(-18.3) 10.5(-16.7) 
B. subtilis (Bs) 53.3*(29.4) 52.1*(26.5) 9.9(-21.4) 9.9(-21.4) 
Carbendazim 35(-15) 33.5(-18.7) 13(3.2) 13(3.2) 
Namaticide 36.4(-11.7) 36(-12.6) 13.3(5.6) 13.3(5.6) 
Control(C2) 30.1 (-26.9) 30.1 (-26.9) 11.1(-11.9) 11.1(-11.9) 
WF + Th 34.4*(14.3) 34.4*(14.3) 10.7(-3.6) ll(-lO) 
WF + Tv 34*(I2.9) 34*(12.9) ll(-l.O) 11.2(1.0) 
WF + Pc 34.5*(14.6) 34.1*(13.3) 10.9(-1.8) 10.5(-5.4) 
WF + Pf 39.4*(30.9) 39.3*(30.6) 8.9(-19.8) 8.9(-19.8) 
WF + Bs 38*(26.2) 36.5*(21.3) 9(-18.9) 10(-9.9) 
WF + Carbendazim 33*(9.6) 33*(9.6) 11.5(3.6) 11.5(3.6) 
WF + Nematicide 32.8*(8.9) 31(3.0) 11.5(3.6) 12*(8.1) 
Control (C3) 28.1 (-31.8) 28.1 (-31.8) 10.8(-14.3) 10.8(-14.3) 
RKN +Th 29(3.2) 29.3(4.3) 11.4(5.6) 11.5(6.5) 
RKN +Tv 29.2(3.9) 29.1(3.6) 10(-7.4) 10(-7.4) 
RKN + Pc 31.4*(11.7) 30.3*(7.8) 10(-7.4) 9.6(-ll.l) 
RKN + Pf 32.8*(16.7) 32.7*( 16.4) 9.7(-10.2) 9.8(-9.3) 
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RKN + Bs 32.6*(16) 32*(13.9) 9.8(-9.3) 9.7(-10.2) 
RKN + Carbendazim 29.4(4.6) 28.3(.71) 9.8(-9.3) 11(1.9) 
RKN + Nematicide 30.6*(8.9) 30.6*(8.9) 10.2(-5.6) 10.2(-5.6) 
Control (C4) 25.1(-39.1) 25.1 (-39.1) 10(-20.6) 10(-20.6) 
WF +RKN + Th 30.5*(21.5) 30.6*(53.8) 10.2(2.0) 10.3(2.9) 
WF +RKN + Tv 30.3*(20.7) 30*(19.5) 10.5(3.0) 10.5(3.0) 
WF +RKN + Pc 30.9*(23.1) 30.7*(22.3) 9.4(-6.0) 9.5(-5.0) 
WF +RKN + Pf 34.2*(36.3) 34*(35.5) 8.1(-19) 8.2(-18) 
WF +RKN + Bs 34.2*(36.3) 34.2*(36.3) 8.1(-19) 8.2(-18) 
WF +RKN+Carbendazim 30.1*(19.9) 30.2*(20.3) 9.3(-7) 9.3(-7.0) 
WF +RKN+ Nematicide 30.2*(20.3) 30.2*(20.3) 9(-10) 9.3(-7.0) 
Each value is mean of three replicates; Values in parethesis are percent increase (+ve) or 
decrease (-ve) over control; * Significantly different at i'<0.05 otherwise not significant 
atP<0.05. 
Soil population 
Wilt fungus, Fusarium oxysporum f. sp. ciceri 
Soil population of the wilt fungus, F. oxysporum f sp. ciceri gradually increased during 
four month period of experiment reaching to a peak of 33.4 x 10" CFUs/g soil in 
February in comparison to the planting population of 20 x 10" CPUs (Fig. 11). Various 
treatments, however, caused decrease in the pathogen population but to a varying extent. 
Greatest decrease was recorded with the soil or seed treatment of T. harzianum (72-97%) 
followed by P. fluorescens (66-95%) in comparison to planting population as well as 
respective month control. Next in effectiveness was T. virens followed by B. subtilis 
through seed treatment. Seed treatment by carbendazim decreased the pathogen 
population by 30-47% over planting population. In the presence of root-knot nematode, 
M. incognita, soil population of the wilt fungus was significantly greater (P< 0.05) with 
an increase of 30-49% in comparison to the monthly population in the absence of 
nematode. Population of the fungus in concomitantly inoculated plants also decreased 
due to application of various treatments. Seed treatment with B. subtilis caused greatest 
decrease (5-46%) in the pathogen population followed by P. fluorescens (5-29%) as 
compared to preplant population (Fig. 11). T. harzianum and T. virens decreased the 
pathogen population in December by 17 and 19% as compared to preplant population. 
Root-lcnot nematode, Meloidogyne incognita 
Soil population of M incognita was gradually increased with the progress of time from 
December onwards and reached to its peak at harvest that was 96.8% greater than 
planting population of 2000 J2/kg soil (Fig 12). In the presence of wilt fungus, nematode 
population, however, was significantly less than the respective month controls {P< 0.05). 
Seed treatment with P. chlamydosporia significantly suppressed the population of 
nematode by 15-55%) followed by P. fluorescens 11-53%). Next in effectiveness were B. 
subtilis and nemacur (11-52%) as compared to preplant treatment. Soil application of 
various treatments was relatively less effective than seed treatment in suppressing the 
nematode population in the absence of wilt fungus. In the presence of wilt fungus, 
nematode population increased 
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Fig. 11: Rhizospheric population of wilt fungus Fusarium oxysporum tsp. ciceri 
in relation to single and concomitant inoculation with the biocontrol 
agent and root-knot nematode. 
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Fig.12: Rhizosheric population of root-knot-nematode in relation to single 
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over time, the increase was, however, significantly less than the nematode alone. Seed 
treatment with the biocontrol agents or pesticides decreased the nematode population and 
order of decrease was more or less similar to the treatments where nematode was applied 
alone. Soil application of various treatments was more or less equally effective in 
suppressing the nematode population in the presence of wilt fungus. 
Biocontrol agents 
Trichoderma species 
Soil population of T. harzianum significantly increased during the experimental period 
(Fig. 13). Soils infested with wilt fungus alone or together with nematode, population of 
Trichoderma spp. increased during all months of sampling being greatest in March in 
comparison to planting population. The percent increase in T. harzianum was relatively 
greater than T. virens. In nematode inoculated pots, increase in T. harzianum population 
was significant in comparison to planting population only. 
Pochonia chlamydosporia 
Soil population of P. chlamydosporia applied through seed treatment or soil application 
in pots not inoculated with either pathogens was marginally increased in comparison to 
the planting population(Fig. 13). The population also decreased in the pots inoculated 
with wilt fungus. With the treatments of nematode alone or together with wilt fungus, soil 
population of P. chlamydosporia significantly increased during all four months in 
comparison to planting population or respective month control. 
Bacillus subtilis and Pseudomonas fluorescens 
Rhizosphere population of 5. subtilis and P. fluorescens significantly increased during all 
four months of sampling in comparison to planting population (Fig, 13). The population 
of the bacterium further increased in the presence of pathogens in comparison to 
respective month controls. Greatest increase in the population was recorded in 
concomitantly inoculated potsfollowed by the inoculation with either pathogen in 
comparison to respective month populations of B. subtilis and P. fluorescens in the 
absence of pathogens. Soil population of both the biocontrol agents increased by d 5-
57%during crop growth from December to March. Response of P. fluorescens and B. 
subtilis population when applied in soil was almost identical to seed treatment (Fig. 13). 
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Fig. 13: Rhizospheric population of biocontrol agents in relation to single and cocomitant incoulatiohs in pots with 
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EFFECTS OF SOIL APPLICATION AND SEED TREATMENTS WITH THE 
BIOCONTROL AGENTS ON THE WILT, ROOT-KNOT AND WILT DISEASE 
COMPLEX UNDER FIELD CONDITION 
Based on the performance of the different biocontrol agents tested against the wilt 
fungus and root-knot nematode singly and concomitantly under pot culture experiment, 
T. harzianum, P. chlamydosporia and P. fluorescens were found relatively more effective 
against the target pathogens, and hence were selected to ascertain their effectiveness 
under field condition and were applied singly and in combination. Effects of the 
microorganisms were compared with efficacious fungicides (carbendazim) and 
nematicide (nemacur). T. harzianum and P. clamydosporia were mass cultured on 
baggase-soil-molasses mixture, whereas P. fluorescens in nutrient broth and were applied 
to seeds (5g//kg seed) and soil (40g/microplot). 
Fig. 14: Aerial view of the chickpea field used in the study. 
Symptoms 
Fusariai wilt 
The chickpea cultivar (BG-256) was found susceptible to the infection by F. oxysporum 
fsp. c/cer/and developed 38% of wilt incidence. 
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Chickpea plants grown in tiie Fusarium or Meloidogyne inoculated plots 
developed characteristic symptoms of wilt and root-knot. Incidence and severity of the 
disease especially wilt was considerable greater in the plots where both the pathogens 
were inoculated concomitantly(Fig. 15) . Application of various combinations with 
biocontrol agents considerably checked the disease. Wilt incidence was 8.8% {T 
.harzianum + P. chlamydosporium), 10.1% (T. harizanum + P. fluoresences) followed by 
18.3% {P. chlamydosporium-^ P. fluoresences), 34.8% [T. harzianum + P. 
chlamydosporium) and carbendazim + fenamiphos against 38% of control. Relatively 
lesser decrease in the severity of root-knot nematode disease was recorded with two 
treatments (Fig 15). Greatest decrease in the root galling occurred due to application of P. 
chlamydosporium + P. fluoresences (19.6%) followed by 10.8% due to T. harzianum + P. 
chlamydosporium. The nematicide caused a decrease of 42.5% in the number of 
galls/root system. Similar trend was recorded for egg mass production (Fig. 16). 
Disease complex 
Wilt incidence in the plots concomitantly inoculated with fungus and nematode 
was lowest due to soil application of T. harzianum + P. chlamydosporium + P. 
fluorescens (13.4% incidence) followed by T. harzianum + P. fluoresecens (15.4%) 
against 53% of the control (without treatment). Wilt severity was 25.3% with plots 
received joint treatment of T. harzianum + P. chlamydosporium + P. fluoresences and 
27.3% withthe pesticide (carbendazim + fenamiphos) against 86% wilting in the control 
(Fig 15) 
Seed treatment with the biocontrol agents was found effective but it suppressed 
the diseases conciderabily. Treatment with T. harzianum + P. fluorescens combinations 
decreased the wilt incidence to 14.2% against 35.7% of carbendazim treated plots(Fig 
15). The severity of the wilt was 21, 26 and 26.3% due to application of 7. harzianum + 
P. chlamydosporium + P. fluorescens, T. harzianum + P. fluorescens and carbendazim, 
respectively. Lowest decrease in the number of galls/ root system was recorded with 
fenamiphos (41.3%), P. chlamydosporium + P. fluorescens (15.2%) 
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Fig. 15 : Effects of seed treatment and soil application of biocontrol agents on wilt severity 
(0-5 scale) and wilt incidencein plots caused by Fusarium oxysporum f. sp. ciceri in the 
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Fig.16 : Effects of seed treatment and soil application of biocontrol agents on root-galls and egg 
mass production caused by root-knot nematode alone or in combination with wilt fungus . 
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and T. harzianum + P. chlamydosporium + P. fluorescens (10.2%) compared to the 
control . In the plots concomitantly inoculated with Fusarium and Meloidogyne, wilt 
incidence was lowest due to application of T. harzianum + P. chlamydosporium + P. 
fluorescens (13.4%) and T. harzianum + P. fluorescens (15.4%) against 36.3% due to 
pesticide mixture. Wilt severity was 26, 27.3 and 39% due to application of T. 
harzianum + P. chlamydoporium + P. fluorescens, pesticides and T. harzianum + P. 
fluorescens, respectively, compared with the control . Root galling and egg mass 
production were decreased by 37.5 & 45%, 20 & 21.6% and 12.5 & 65.2% due to 
application of pesticides, P. fluorescens + T. harzianum + P. chlamydosporium, 
respectively compared with the control (Fig 16). 
Plant Growth 
Soil Application 
Growth of the plants and dry matter production were significantly increased due 
to application of P. fluoresens in comparison to uninoculated control (Table. 8). The 
various combinations of the biocontrol agents where P. fluoresecem was present also 
significantly increased the plant length and dry weight of uninoculated plants. 
Inoculations with Fusarium and Meloidogyne singly or jointly caused significant decline 
in the plant length and dry weight. Application of biocontrol agent combination checked 
the suppressive effects of the pathogens. This effect, however, vary with the combination 
and pathogen. Trichoderma harzianum and P. fluorescens acting alone significantly 
increased the plant length and dry weight of infected plants by 18-21% and 31%, 
respectively. Combination of these two biocontrol agents increased the plant growth 
parameters by 26.2 and 39%, respectively . More or less similar increase was recorded 
due to application of P. chlamydosporium to this combination i.e., P. chlamydosporium + 
P. fluorescens + T. harzianum. The combination of P. chlamydosporium + P.fluorescens 
+ T. harzianum increased the plant length by 17 and 20.6% and dry weight by 19.8 and 
24.5%, respectively. Increase due to carbendazim was 17.2 and 35.7, respectively. 
Length and dry weight of nematode inoculated plants were significantly increased 
due to application of P. fluorescens . The combination of P. chlamydosporium + P. 
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fluorescens or P. chlamydosporium + P. fluorescens + T. harzianum increased the plant 
growth parameters by some 23-27% in comparison to nematode inoculated control. As a 
result of application of P. fluorescens + T. harzianum, 11.5 and 14.5% increase was 
recorded. Significant increase due to P. chlamydosporium + T. harzianum occurred only 
in dry weight (9%) over control. Nemacur treatment improved plant height and dry 
weight by 13.3 and 16.5% in comparison to nematode inoculated control, respectively. 
In the plots where concomitant inoculation with F. oxsporum f. sp. ciceri and M 
incognita were done, greatest (significant) increase due to a single biocontrol agent 
occurred was 39-42% (P. fluoresecens) and 19-30% {T. harzianum). All combinations of 
the biocontrol agents suppressed the pathogenic effect of pathogens leading to 
considerable increase in the plant growth of chickpea. Greatest increase in the plant 
length and dry weight occurred with P. chlamydosporium + P. fluorescens + T. 
harzianum (39.0 & 64.9%) and P. fluorescens + T. harzianum (35.1 & 60.2%) in 
comparison to concomitantly inoculated control. Increase due to P. chlamydosporium + 
P. fluorescens and P. chlamdosporium +T. harzianum combinations was 23.2 & 41.7% 
and 21.6 & 28.9%, respectively . 
Seed treatment 
Seed treatment with the biocontrol agents was also found quite effective in 
controlling the disease and in increasing the plant grovs^ h of chickpea. Application with 
P. fluorescens resulted to a significant increase in the plant length and dry weight of 
plants in comparison to uninoculated control. Joint treatment where P. fluorescens was 
one of the biocontrol agents also resulted to significant increase in the plant growth being 
greatest with T. harzianum + P. chlamydosporium + P. fluorescens (9.3%) and P. 
chlamydosporium + P. fluorescens (8%) in comparison to uninoculated control (Table. 
8). 
Inoculations with F. oxysporum f. sp. ciceri or M. incognita singly or 
concomitantly resulted to significant decrease in the plant growth parameters . The 
percent decrease was much greater in concomitantly inoculated plants. Various treatment 
with the biocontrol agents, however decreased the suppressive effect of pathogens, but to 
a varying extent. Seed treatment with T. harzianum increased the plant length (15.3%) 
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and dry weight (25.2%) of wilt fungus inoculated plants in comparison to the respective 
control P. fluorescens also induced a significant increase in the plant growth. All 
combinations with the biocontrol agents induced significant increase in the plant growth 
of Fusarium inoculated plants being greatest with T. harzianum + P. chlamydosporium + 
P. fluorescens (30.5%) and T. harzianum + P. fluorescens (28.7%) in comparison to the 
inoculated control. Application with the carbendazim increased the dry weight of 
Fusarium inoculated plants by 17%. On nematode inoculated plants none of the treatment 
with a single biocontrol agent induced significant increase in the plant growth. The 
combinations with all the used three biocontrol agents increased the dry weight by 17.9% 
followed by P. chalmydosporium + P. fluorescens (14.5%) and T. harzianum + P. 
fluorescens (8.6%) compared to the nematode inoculated control. Nemacur treatment 
increased the plant length and dry weight of nematode inoculated plants by 8.9 and 
10.6%, respectively . 
In the plots which were inoculated concomitantly with F. oxysporum f. sp. ciceri 
and M incognita, the biocontrol agent were relatively more effective in promoting the 
plant growth. Increase in the plant length and dry weight of concomitantly inoculated 
plants was 27.4 & 32.5% with P. fluorescens and 16.3 & 12.6% with T. harzianum, 
respectively, in comparison to the control. Greatest increase due to application of 
combination of biocontrol agents occurred with T. harzianum + P. chlamydosporium + P. 
fluorescens (28.2 & 40.2%), followed by T. harzianum + P. fluorescens (28.2 & 234.8%), 
P. chlamydosporium + P. fluorescens (13.9 & 24.8%) and T. harzianum + P. 
chlamydosporium (1.7 &9.2%). The mixture of carbendazim and fenamiphos was 




Soil application of P. fluorescens resulted to a significant increase in the number 
of pods, seeds and weight of seeds per plant (10-17.7%) in comparison to uninoculated 
control . The combinations with P. chlamydosporium + P. fluorescens + T. harzianum 
and P. chlamydosporium + P. fluorescens increased the yield variables by 12.6-17.4% 
and 9.6-14%, respectively, in comparison to uninoculated control. Pod production was 
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significantly increased (13.1%) only due to P. fluorescens + T. harzianum. F. oxysponim 
f. sp. ciceri and M. incognita acting alone or concomitantly caused significant decrease in 
the yield variables . The percent decrease was much greater due to concomitant 
inoculations of the pathogens. Application of biocontrol agents, however, controlled the 
disease and considerably increased the yield. Application of T. harzianum promoted the 
number of pods, seeds and weight of seeds per plant by 16.2, 21.9 and 27.6% 
respectively, in comparison to Fusarium inoculated control. Corresponding increase due 
to P. fluorescens was 14.5, 19.3 and 19.2%, respectively. The combination of P. 
chlamydosporium + P. fluorescens + T. harzianum and P. chlamydosporium + P. 
fluorescens increased the yield by 26.7, 23.7 and 35.8% and 25.2, 28.5 and 30.5, 
respectively. The combination, P. fluorescens + T. harzianum, or P. chlamydosporium + 
T. harzianum induced yield increments in the range of 4-26%. Carbendazim treatment 
resulted to 5.3, 9.5 and 18.5% increase in yield parameters, respectively. 
On nematode inoculated plants significant increase occurred due to 
application of P. fluorescens in number and weight of seeds per plant. The combinations 
of P. chlamydosporium + P. fluorescens + T. harzianum, P. chlamydosporium + P. 
fluorescens increased weight of seeds per plant by 19.7 and 18.3% respectively, in 
comparison to nematode inoculated control . Increase in yield variables were also 
significant. P. fluorescens + T. harzianum increased the yield 15.7%. Nemacur treatment 
resulted to 10 and 13% increase in the number and weight of seeds per plant, 
respectively, compared with inoculated control. 
The plots infected with F. oxysporum f sp. ciceri and M incognita 
concomitantly, greatest increase recorded due to treatment with a single biocontrol 
agent(18.2 - 22.7 and 28.1%) in the number of pods, seeds and weight of seeds, 
respectively, occurred with T. harzianum in comparison to the control . Next was P. 
fluorescence where corresponding values for yield enhancement were 20.4, 14.3 and 
24.3%, respectively. Combination of the biocontrol agents, however, induced relatively 
greater increase in the yield. The number of pods, seeds and weight of seeds per plant 
increased due to combination of P. chalmydosporium + P. fluorescens + T. harzianum 
(29.1, 46.8 and 58.6%) and P. fluorescens + T. harzianum (27.9, 30.7 and 56.6%) in 
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comparison to the dual inoculated control. Rest of the two combinations i.e., P. 
chalydosporium + P. Jluorescem and T. harzianum + P. chlamydosporium also induced 
significant increase in the yield variables which ranged 19.1-42.3%. The combination of 
carbedazim and fenamiphos increased the number of pods, seeds and weight of seeds per 
plant by 21.8, 35.0 and 54.4% respectively, in comparison to the concomitantly 
inoculated control. 
Seed treatment 
Application of P. fluorescens significantly promoted pod formation and 
imoproved the yield (weight of seeds per plant) by 11.9% in comparison to the 
uninoculated control (Table-8). Various yield variables of chickpea were significantly 
decreased due to the wilt disease caused by F. oxysporum f sp. ciceri. Application of 
biocontrol agents, however, decreased the suppressive effect of the fungus leading to 
yield enhancement. Treatment with T. harzianum resulted to 17.2 & 23.4% increase in 
the number and weight of seeds per plant. Application o^ P. Jluorescem also increased 
the yield parameters but they were less than the T. harzianum. Greatest increase in the 
yield ofFusarium inoculated plants was recorded due to the application of T. harzianum 
+ P. chalmydosporium + P. fluorescens (17, 19.5 & 33.9% ), followed by T. harziaum + 
P. fluorescens (17, 26.6, 27.3%), T. harzianum + P. chalmydosporium (8.7, 11.5 & 
22.9%), P. chlamydosporium + P. fluorescens (7.1, 13.3 & 21.2%) in number of pods, 
seeds and weight of seeds per plant in comparison to the inoculated control. Carbendazim 
application increased the yield by 12.9%. 
Root-knot nematode M. incognita caused significant reduction in the number of 
seeds (9.6%) and weight of seeds (11.3%) per plant compared to uninoculated control . 
Application of P. fluorescens (18.3%) or P. chlamydosporium (9.6%) resulted to 
significant increase in the yield variable. The combinations with all the three biocontrol 
agents used increased the number and weight of seeds by 10.4 & 18.1%, P. 
chlamydosporium + P. fluorescens by 5 & 16.8% and T. harzianum + P. fluorescens by 
3.9 & 14.5% respectively, in comparison to the inoculated control; corresponding values 
for fenamiphos treatment were 5.2 «& 1.4% . 
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Concomitant inoculations with wilt fungus and root-knot nematode caused 20.6, 
6.2 & 34.9 decrease in the number of pods, seeds and weight of seeds per plant . 
Application of 7! harzianum decreased the suppressive effect of the pathogens leading to 
15.6, 19.5 and 5.2% increase in the yield variables, respectively, compared to the dual 
inoculated control . Next was P. fluorescens which enhanced the yield variables by 1.4, 
13.1 and 20.9%, respectively. The combinations of T. harzianum + P. chlamydosporium 
+ P. fluorecens increased the number of pods, seeds and weight of seeds per plant by 
23.9, 29.3 and 48.5%, T. harzianum + P. fluorescens (17.5, 24.8 and 41.8%), P. 
chlamydosporium + P. fluorescens by 19.0, 17.4 and 36.3% and T. harzianum + P. 
chlamydosporium by 5.6, 20.5 & 27.2%, respectively, compared to dual inoculated 
control. The mixture of carbendazim and fenamiphos induced yield enhancements by 
13.7, 4.8 and 47.8%, respectively. 
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Table 8 . Effects of seed treatment and soil application of biocontrol agents on the 
dry matter production and yield of chickpea in plots infested singly or 
concomitantly with Fusarium oxysporum f. sp. ciceri and Meloidogyne 
incognita. 
Treatment 
Shoot dry weight (g) 
Seed Soil 
Treatment Application 
Yield per plant (g) 
Seed Soil 
Treatment Application 
Control (CI) 22.5 22.5 6.9 6.9 
T. harzianum (Th) 22.8(1.3) 23.1(2.6) 7.19(4.2) 7.38 (6.9) 
P. chlamydosporia (Pc) 23(2.2) 22.8(1.3) 7.13(3.3) 7.26(5.2) 
P.fluorescem (Pf) 24.4* (8.4) 24.9*(10.6) 7.72*(11.9) 7.82*(13.3) 
T+Pc 23.5(4.4) 24.08*(7.0) 7.0(1.5) 7.21(4.4) 
T + Pf 24.6*(9.3) 25.2 (12) 7.2(4.3) 7.27(5.4) 
Pc+ Pf 24.3*(8.0) 26.67*(18.5) 7.15(3.6) 7.31(5.9) 
T + Pc + Pf 24.9*(10.6) 25.7*(14.2) 7.19(4.2) 7.29(5.6) 
Carbendazim 23.0(2.2) 23.7(5.3) 6.91(0.1) 6.97(1.0) 
Fenamiphos 22.9(1.8) 17.9(2.3) 6.1(3.4) 5.9(0.0) 
Carbendazim+Fenamiphos 26.4(17.2) 24.0(6.6) 7.43 (7.9) 7.4 (7.2) 
Fusarium 17.17(-23.69) 17.1 (-23.69) 5.86(-15.1) 5.86(-15.1) 
F + Th 21.5*(25.2) 22.5*(31.0) 7.23*(23.4) 7.84 *(27.6) 
F + Pc 18(4.8) 18.3(6.6) 5.9 (.7) 6.08(3.7) 
F + Pf 20.1*(17.1) 22.5*(31) 6.74* (15.0) 6.99*(19.2) 
F +Th+Pc 18.9*(10.1) 15.15(-11.8) 7.2*(22.9) 7.4*(26.2) 
F+ Th +Pf 22.1*(28.7) 24*(39.8) 7.46*(27.3) 7.65*(30.5) 
F+Pc + Pf 21.1*(22.9) 21.4*(24.6) 7.1*(21.2) 7.3*(24.5) 
Th + Pc + Pf+ F 22.4*(30.5) 24.2*(40.9) 7.85*(33.9) 7.96*(35.8) 
Carbendazin + Fusarium 20.1*(17.1) 23.3*(34.7) 6.62*(12.9) 
To be continued.. 
6.95*(18.5) 
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Nematode(N) 20.17(-10.4) 20.17(-10.4) 6.12(-11.3) 6.12(-11.3) 
Th + N 20.3*(9.6) 20.4(1.1) 6.5(6.1) 6.67(8.9) 
Pc + N 20.9(3.6) 21(4.1) 6.71(9.6) 6.79(10.9) 
Pf+N 21.2(5.1) 21.8(8.1) 7.24(18.3) 7.27(18.8) 
Th+Pc +N 21.5(6.6) 22(9.0) 6.41(4.7) 6.57(7.4) 
Th+Pf+N 21.9*(8.6) 23.1*(14.5) 7.01*(14.5) 7.08*(15.7) 
Pc+Pf+N 23.1 •(H.S) 25.5*(26.4) 7.15*(16.8) 7.24*(18.3) 
Pc+Pf+Th+N 22.8*(17.9) 25.7*(27.5) 7.23*(18.1) 7.33*(19.7) 
Fenamiphos+N 22.3*(10.6) 23.5*(16.5) 6.82*(11.4) 6.95*(13.6) 
Fusa(F)+Nema(N) 12.98(-42.3) 12.98(-42.8) 4.49(-34.9) 4.49(-34.9) 
Th + F + N 15.1*(16.3) 16.9*(30.2) 5.62*(25.2) 5.75*(28.1) 
Pc + F + N 13.2(1.7) 14.25*(9.8) 4.73(4.7) 4.91*(9.3) 
Pf+F + N 17.2*(32.5) 18.1*(39.4) 5.43*(20.9) 5.58*(24.3) 
Th + Pc+ F + N 14.2*(9.4) 16.73*(28.99) 5.71*(27.2) 5.93*(32) 
Th+Pf+F+N 17.5*(34.8) 20.8*(60.2) 6.37*(41.3) 7.03*(56.6) 
Pc+Pf+F+N 16.2*(24.8) 18.4*(41.7) 6.12*(36.3) 6.39*(42.3) 
Pc+Pf+Th+F+N 18.2*(40.2) 21.4*(64.87) 6.67*(48.5) 7.12*(58.6) 
Carben.+fenami.+F+N 16.2*(24.8) 19.24*(48.2) 6.64*(47.8) 6.93*(54.4) 
Each value is mean of three replicates; Values in parethesis are percent increase (+ve) or 





Application of P. fluorsecens promoted the root nodulation leading to 22.3 and 
9.1% increase in the number of functional (Fig 17) and total nodulation per rot system 
compared to uninoculated control. Inoculations with the wilt fungus and root-knot 
nematode caused significant decrease in the nodulation being greatest with the later. 
Decrease in the functional (36%), total (25.5%) nodules was greater in concomitantly 
inoculated plants. Application of biocontrol agents singly or jointly checked the negative 
effect of pathogens on root nodulation . P. fluorsecens was the only microorganism that 
alone caused significant increase in the functional and total nodule count of chickpea 
inoculated with Fusarium and Meloidogyne singly or concomitantly. Number of non-
functional nodules was significantly decreased in Fusarium inoculated plants, but 
increased in nematode inoculated plants due to application of P. fluorescens. All the 
combinations of biocontrol agents except T. harzianum + P. chlamydosporium, 
significantly promoted the nodulation of fungus or nematode inoculated plants. Greatest 
increase in the count of functional and total nodules of wilt fungus inoculated plants was 
recorded wit T. harxianum + P. chlamydosporium + P. fluorescens (27.5 and 19.7%) 
followed by T. harzianum + P.fluorsences (25 and 16.6%) and P. chlamydosporium + P. 
fluorescens (18.3 and 12.7%), respectively compared to Fusarium inoculated control. In 
nematode inoculated plants, the number of functional and total nodules was more or less 
equally increased with the combination of biocontrol agents i.e. 15.2 -16.9% and 12.7-
15% in comparison to nematode inoculated control. Functional and total nodules of 
concomitantly inoculated plants was increased by 35.5 and 18.9% (71 harzianum + P. 
chlamydosporium + P. fluorescens), 31.1 and 21.1% {T. harzianum + P. fluorescens), 
respectively in comparison to the dual inoculated control. The combination of {T. 




Application of P. fluorescens singly or in combination with other biocontrol 
agents promoted the total nodulation by 9-16% being greatest with the mixture of T. 
harzianum + P. chlamydosporium + P. fluorescens (Fig. 17). Inoculation with F. 
oxysporum f. sp. ciceri and M. incognita singly or jointly decreased the nodule count. 
Application of biocontrol agents checked the suppressive effect of the wilt fungus leading 
to 19.4% {T. harzianum + P. chlamydosporium + P. fluorescens), 15.3% {T. harzianum + 
P. fluorescens) and 14% {P. fluorescens) increase in the total number of nodules of 
Fusarium inoculated plants in comparison to the inoculated control; the functional 
nodules were increased by 26.8, 2.3 and 23.6% respectively. Number of non-functional 
nodules was significantly decreased due to application of P. fluorescens (10.4%). 
Suppressive effect of the nematode pathogenesis on root-nodulation was also 
checked due to application of the biocontrol agents. Greatest increase in the number of 
functional nodules per root system was recorded with the combined treatment, T. 
harzianum + P. chlamydosporium + P. fluorescens or P. chlamydosporium + P. 
fluorescens. Number of non-functional nodules was significantly decreased due to 
application of P. chlamydosporium or P. fluorescens. Nemacur application did not 
significantly increased the root-nodulation on nematode inoculated plants (Fig. 17). 
In the plants which were inoculated concomitantly with Fusarium or Meloidogyne 
the root nodulation was considerably promoted due to seed treatment of biocontrol agents 
(Fig. 17). 
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Fig. 17: Effects of soil application and seed treatment of biocontrol 
agents on the noduiation of chickpea singly and concomitantly inoculated with 
Fuarium oxysporum f.sp. ciceri and NIeloidogyne incognita. 
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Greatest increase in the number of functional nodules per root system occurred with T. 
harzianum + P. chlamydosporium + P. fluorescens (34.9%) followed by T. harzianum + 
P. fluorescens (27%), P. fluorescens (20.8%) and P. chlamydoporium + P. fluorescens 
(18.2%) compared to dual inoculated control. 
Total nodule count was increased by 22.5% {T. harzianum + P. chlamydosporium 
+ P. fluorescens), 18.1% {T. harzianum + P. fluorescens), 16.3% {P. fluorescens) and 
1.8% {P. chlamydosp orium + P. fluorescens) in comaprison to the control. Number of 
non-functional nodules was not significantly increased except with P. fluorescens where 
9.6% increase was observed. The combined treatment of carbedazim and fenamiphos 
induced an increase of 7-8% in the nodulation in comparison to dual inoculated control. 
Soil Population 
Soil application 
Fusarium oxysporiutn f. sp. ciceri 
Rhizosphere population of F. oxysporium f. sp. ciceri was significantly increased during 
January and February in comparison to the preplant population (December). During 
March and April the population, however, declined by 18.6 and 44.6%, respectively 
(Fig. 18 ). The biocontrol agents treatments greatly influenced the rhizosphere 
population. Greatest decrease in the population of wilt fungus was recorded with P. 
chlamydosporium + P. fluorescens + T. harzianum or P. fluorescens + T. harzianum or P. 
fluoresecens alone in comparison To the preplant population or respectively months 
control . The decrease in the population ranged 91-99%whereas those caused by 
carbendazim were 75-96%. In the plots where concomitant inoculation with F. 
oxysporium f. sp. ciceri and M incognita was done, rhizosphere population of the fungus 
was greater than the absence of the nematode. Application of the biocontrol agents 
113 
^fiftSlt 
especially P. fluorescens and T. harzianum caused more or less similar decrease in the 
rhizosphere population of F. oxysporum f. sp. ciceri as occurred in the absence of root-
knot nematode. The percent decrease was however, a bit smaller. Seed treatment with the 
biocontrol agents also drastically decreased the soil population of F. oxysporum f sp. 
ciceri but relatively it was a bit less effective than the soil application (Fig.l 8 ). 
Meloidogyne incognita 
Soil population of root-knot nematode M. incognita was gradually and 
significantly increased by 6.7-96.9% during the four months of experiment in comparison 
to preplant population of 2000 J2/kg of soil (Fig. 18). Soil application of the biocontrol 
agents decreased the nematode population to a varying extent. Application of P. 
chlamydosporium + P. fluorescens + T. harzianum decreased the population by 26.8-
76.5% in comparison to the preplant population. The decrease in the population in 
comparison to respective month controls was in the range of 1.9-53.7%. Percent decrease 
in the soil population due to other combinations was in the range of 16.5-49.6% P. 
fluorescens alone caused a decrease of 3.2 - 39.7% and 9.2-69.3% in comparison to 
preplant and respective month control, respectively; corresponding values for nemacur 
were 10.9-66.2 & 15.8-82 respectively . 
In presence of F. oxysporium f sp. ciceri, soil population of nematode was decreased by 
13.9-67.6% in comparison to the absence of the fungus. Application of the combination 
of T. harzianum + P. chlamydosporium + P. fluorescens checked the nematode 
population by 34.1-60.3% {P. chlamydosporium + P. fluorescens) and 27.5-53.9% {T. 
harzianum + P. chlamydosporium). Application of P. chlamydosporium and P. 
fluorescens alone decreased the population of nematode by 7.1-23.5% and 3.3-13.1%, 
respectively. The mixture of carbendazim and nemacur caused a decrease in the 
population ofM incognita by 13.7-35.2% & 5.9-39.2% in comparison to the preplant and 
respective month control populations, respectively (Fig 18). Seed treatment with the 
biocontrol agents on the soil population of M incognita was some 3-6% less effective 
than the soil application (Fig. 18). 
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Fig. 18: Effect of soil appliction andseed treatment on the rhizospheric of population 
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Rhizosphere population of T. harzianum was increased by 3.8, 12.1, 13.2 and 
11.5% respectively during January, February and March in comparison to preplant 
population in December (control) (Fig. 19). In Fusarium inoculated plots, population of 
the antagonist was significantly increased during all the four months of monitoring except 
January in comparison to the respective month controls. In the combination of biocontrol 
agents, greatest increase in the population of T. harzianum was recorded with P. 
fluorescens that ranged 23.6-68-1% during the last three months in comparison to 
December populations. In other combinations significant increase in the population of the 
antagonist was recorded especially during March and April. In nematode inoculated plots 
population of T. harzianum was significantly greater in the presence of other biocontrol 
agents compared with the respective month controls (Fig. 19). In concomitantly 
inoculated plots, rhizosphere population of T. harzianum was increased by 6.9-27.7%, 
whereas in the presence of other biocontrol agents greatest increase occurred with T. 
harzianum + P. chalmydosporium (3.7 - 54.2%) in comparison to respective month 
controls. Response to seed treatment with T. harzianum was more or less similar to that 
observed for soil application(fig 19). 
Pochonia chlamydosporium 
Population of P. chlamydosporium in the root-knot nematode decreased 
significantly in the control as well as in Fusarium inoculated plots with or without other 
biocontrol agents. (Fig. 19) In nematode inoculated plots, rhizosphere population of P. 
chlamydosporium was significantly greater only in the presence of P. fluorescens during 
March in comparison to the preplant population. In the plots where Fusarium and 
Meloidogyne both were inoculated, rhizophere population of P. chlamydosporium was 
significantly greater in the presence of absence of P. fluoresens during March and April 
in comparison to the preplant population, otherwise it was either at par or less than the 
control. Response of seed treatment with the bioagent was more or less same to the soil 
application (Fig. 19). 
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Pseudomonas fluoresecens 
Rhizosphere population of the bacterium was decreased during January and 
February but increased by 34.1 and 83.2% during March and April (fig 19). In the 
presence of other biocontrol agents population of P. fluorescens was significantly 
increased to a varying extent in comparison to respective month controls. In F. 
oxysporum f. sp. ciceri inoculated plots, population of the bacterium in January, February 
and March was significantly increased in the presence of other biocontrol agents in 
comparison to respective month controls. Whereas, in April it was decreased by 8.1 -
11.5%. In nematode inoculated plots, population of P. fluorescens was either 
significantly increased or at par with the respective month control. In the plots where 
concomitant inoculations with M incognita and F. oxysporium f. sp. ciceri was done, 
rhizosphere population was increased by 20.7% in February in all the combinations with 
other bioagents, the population of the biocontrol bacteria was greatly increased in 
comparison to respective month control during all the months except in February. Effect 
of seed treatment with the bioagents on the rhizosphere population of P. fluorescens was 
more or less similar to that recorded for soil application (fig 19). 
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Fig. 19 : Effect of soil application and seed treatment on the rhizospheric population of 
biocontrol agents in the presence and absence of Fusarium oxysporum f. 
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The nine isolates each of the five biocontrol agents viz., Trichoderma 
virens, T. harzianum, Pochonia chlamydosporia {=Verticilium chlamydosporia). Bacillus 
subtilis and Pseudomonas fluorescens suppressed the wilt fungus Fusarium oxysporum f. 
sp. ciceri in preliminary in-vitro tests, the degree of antagonism, however, varied with the 
organism. The nine isolates of T. virens and T. harzianum rapidly colonised on PDA and 
checked Fusarium growth in the dual culture test. The suppressive effects of the 
biocontrol agents, however, varied greatly. Diversity in virulence and colonization rate 
among a Trichoderma species are well known to occur (Dennis and Webster, 1971a; 
Khan and Gupta, 1997; Gao et ai, 2002). In the dual culture, hyphae of some isolates 
especially, Th07, Th08, TvOO and Tv09 coiled around the hyphae oiF. oxysporum f sp. 
ciceri as soon as the two colonies came in contact. Whereas in other soil isolates, coiling 
did not occur until the Trichoderma hyphae had penetrated far into the host fungus 
colony. Other researchers have reported similar pattern of relative mycoparasitism by 
aggressive and less aggressive isolates to T. harzianum and T. virens on various 
pathogenic fungi {Gao et at., 2001; Ibrahimov, 2009:Kumare^a/., 2010;). 
yi The culture filtrates of P. fluorescens and B. subtilis inhibited hatching and caused 
death to larvae but did not infect the egg masses or eggs. In-vitro antagonism through the 
culture filtrate of 5. subtilis (Siddiqui and Mahmood, 1995), P. fluorescens (Siddiqui and 
Shaukat, 2004; Khan et al., 2005) and P. chlamydosporia (SaifuUah, 1996 a, b, c; Khan, 
2007) against plant parasitic nematodes is well documented, but degree of effectiveness 
varied with the isolate. The culture filtrates of P. fluorescens, B. subtilis and P. 
chlamydosporia suppressed egg hatch and induced mortality to the juveniles of M 
incognita. Pochonia chlamydosporia colonized egg masses of the nematode when they 
were incubated with the fungus in sterilized water or potato dextrose broth and decreased 
the egg hatching. Bacillus subtilis and P. fluorescens produce nematoxic metabolites that 
may have been involved in the nematode suppression (Khan et al. 2005; Siddiqui and 
Kazuyoshi, 2009). Phloroglucinol (Howell and Stipanovic, 1984), pyrrolnitrin (Leyns et 
al., 1990) and phenazin (Gurusiddaiah et ai, 1986) are produced by P. fluorescens. 
Bacillus subtilis produces the metabolites, bulbiformin, bacillomycin (Bessen and 
Michel, 1984; Brannen, 1995), iturin, surfactin (Asaka and Shoda, 1996a), and agrocin 
(Kim et al., 1997a). Pochonia chlamydosporia is an established biocontrol agent of root 
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knot nematodes, the fungus parasitizes nematodes and their eggs (Stirling; 1991 Khan, 
2007). In the present study, isolates of P. chlamydosporia, P.fluorescens and B. subtilis 
induced varied degree of inhibition in hatching and mortality to juveniles of M incognita. 
The wilt symptoms on chickpea in Fusarium infested soil can appear 3 to 4 weeks 
after sowing. Aduh plants show wilt symptoms of drooping of petioles, rachis and 
leaflets (Gurha et al., 2003).The wilt fungus, F. oxysporum f. sp. ciceri at the inoculum 
level of 2 g/kg soil caused considerable wilting in chickpea and suppressed the growth 
and yield of plants grown in the pots or field. In the present study, chickpea responded 
similarly to the inoculation with the wilt fungus and developed typical symptoms of the 
disease both at the seedling and adult stage. The first sign of the disease was mild 
chlorosis and stunted growth that appeared at seedling stage. Some of the stunted 
seedlings in a pot succumbed to the infection. The pathogen infects the root system by 
penetrating the epidermis, cortex and finds its way into xylem vessels where it colonizes 
extensively, producing conidia. As a result black streaks gradually develops in xylem 
tissue whereas brown to black bands appear on the stem surface of partially wilted plants 
which extend upward from the base. When the bark of such bands is peeled off, browning 
or blackening of the wood beneath can be seen (Dubey and Singh, 2004). In the present 
study, transverse sections of root and stem revealed the presence of the fungus in xylem 
tissue. The fungus also colonized on PDA by inoculating the surface sterilized root and 
stem pieces of infected chickpea plants. The isolated fungus was then reinoculated in the 
chickpea plants to establish its pathogenicity. 
Chickpea is highly susceptible crop to the wilt caused by F. oxysporum f. sp. 
ciceri (Jalali, 1992). The used chickpea cv. BG 256 was found to be highly susceptible to 
wilt and exhibited 24-38% yield loss. The annual monetary loss in chickpea production 
due to the wilt has been estimated to be 36 million rupees in India (Kumar et al.,2009). 
Application of biocontrol agents either through soil application or seed treatment 
considerably decreased the pathogenic effect of the wilt fungus in pot experiments. As a 
result plant growth and yield of chickpea increased significantly. Seed treatment with T. 
harzianum checked the wilt incidence by 60%, whereas its soil application resulted to a 
58% control of the disease. T. virens was also equally effective against the disease. 
Trichoderma spp. are established antagonists of soil borne fungal pathogens including 
Fusarium spp. (Papavizas, 1985; Khan and Gupta, 1997; Wikesinghe et al, 2009). The 
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satisfactory control of the wilt indicates that the used strains of T. harzianum and T. 
virem suppressed the F. oxysporum f. sp. ciceri effectively. 
Crude formulation of three biocontrol agents namely, T. harzianum, P. 
chlamydosporia and B. subtilis prepared on baggaste soil molasses mixture and contained 
JQ7-8 CPUS of biocontrol fungi and 10^  ^"^^ CPUs of biocontrol bacteria/g formulations. 
Effectiveness of the biocontrol agents was evaluated against F. oxysporum f. sp. ciceri 
and M. incognita singly and concomitantly on chickpea in small plots under field 
condition. Inoculation with F. oxysporum i. sp. ciceri resulted to 60% wilt incidence with 
an average severity of 3.8 on 0-5 scale. Application of the biocontrol agents provided 
varied disease control. Greatest decrease in the wilt was recorded with the application of 
T. harzianum and P. Jluorescense applied through crude formulation (bagasse-soil 
molasses mixture). Effect of carbendazim was almost equal to T. harzianum. Other 
researchers have also shown T. harzianum, T. virens etc provide disease control equal to 
fungicides (Khan and Gupta 1997). Raid et al. (2010) have recorded 51% increase in 
vine due to application of bagasse based crude formulion of T. harzianum. 
Meloidogyne incognita is highly parasitic species of root-knot nematodes under 
tropical and subtropical climate (Sasser, 1989). The nematode is a sedentary obligate 
endoparasites and they induce certain structural, physiological and biochemical changes 
in the host plant (Haung, 1985; Hussy, 1989). Second stage juveniles enter into young 
lateral roots, and after getting a suitable site for feeding become sedentary with their 
heads inserted in vascular tissue and body in the cortical region of the root as a result of 
nematode pathogenesis, a few cells around the head region preferably in primary phloem 
are transformed into multinucleate giant cells. These cells are permanent feeding sites of 
the nematodes. Giant cells, which act as transfer cells or nurse cells provide nutrition to 
the sedentary females throughout the life span. Whereas cells around the female body 
become hyperplastic dividing repeatedly by mitosis resulting to enlargement of the tissue 
which is commonly called as gall or knot (Bird, 1972). Galled roots become short, thick 
and deshaped. Root growth suppression disturbs absorption capacity of the roots resulting 
to the appearance of water stress symptoms in foliage, especially during periods of 
moisture stress and high transpiration rate (Wilcox-Lee and Loria, 1987). Photosynthesis 
decreases but respiration rate increases (Wilcox-Lee and Lorea, 1987) accompanied by 
greater allocation of photosynthates to roots particularly infected tissue and the giant cells 
(Wallace, 1987). Cumulatively, the infection leads to poor growth and reduced yield of 
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the host. Infected plants show nutrient deficiency symptoms which can be recognized in 
the field as patch of plants showing stunted growth with pale green foliage. In the present 
study the chickpea cv. BG 256 inoculated with 2000 J2/kg soil showed poor shoot growth 
and mild leaf chlorosis, and discernible galls formed on the roots. The galls were, 
however, smaller in size. On an average 81 galls and 72 egg masses/root system were 
formed in the pot trial whereas in the field grown plants 75 galls and 67 egg masses 
developed per root system. Application of biocontrol agents suppressed the gall 
formation and egg mass production. Application of P. chlamydosporia and P.Jluorescem 
greatly suppressed the gall formation and egg mass production on chick pea roots 
followed by nemacur. 
Among various parasites of root-knot nematodes, P. chlamydosporia is an 
important antagonist (Stirling, 1991). The fungus is also known to produce some 
exoenzymes that help in disintegration of egg shell (Seggers et al, 1996). P. 
chlamydosporia YMF 1.00613 isolated from tobacco galls caused by M. incognita 
produced four aurovertin type metabolites viz., aurovertin E, F, D (A2-A4) and I (Al) 
which were involved in the nematode suppression (Niu et al., 2010). Soil application of 
certain biotypes of P. chlamydosporia reduced root-knot nematodes on papaya (Kumar, 
2009) cyst nematode on potato (Siddiqui et al., 2009). The used strain of the antagonist 
demonstrated strong nematicidal activity in vitro evidenced by 100% mortality in the 
juveniles of M incognita due to 50, 75 and 100% culture filtrate. When the egg masses 
were incubated in the suspension of P. chlamydosporia, the fungus colonized them and 
inhibited the egg hatch to a great extent. Strains of P. chlamydosporia and T. harzianum 
have been found to parasitize the eggs of G. rostochiensis, G. pallida and Panagrellus 
redivivus leading to significant decline in the respective soil populations (SaifuUah, 
1996a, b, c; Viaene and Abawi, 2000 ) 
y Treatments with P. fluorescens suppressed the galls, egg masses and soil 
population of M incognita but it was less than P. chlamydosporia in both pot or field 
trial. The bacterium is not a parasite of plant nematodes, but it may have suppressed 
nematode infection through other mode of action. The suppression of nematode infection 
may have resulted by the antibiotics such as bacillomycin (Schoonbeck et al., 2002), 
iturin (Burkhead et al, 1994) produced by the bacterium. 
Application of T. harzianum did not cause a discernible effect on M. incognita in 
microplots, but in pots the effect was significant. The fungus caused significant decrease 
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in galls and eggmasses. Trichoderma spp. are active colonizers in soil and preferably 
grow on organic material. The fungus may have colonized larvae and subsequently 
adults, eggs or egg masses, and resulted to significant decline in galls and soil population 
of M incognita. This was probably due to the organically rich soil and the confined space 
in pots which may have supported greater multiplication of the antagonist. Trichoderma 
spp. produce certain enzymes/metabolites such as gliotoxin (Weindling, 1941), hydrolytic 
enzymes (Schermbock et al, 1994), endochitinase, B- glycosidase, B-glyconase and 
chitobiosidase (Lorito et al, 1993), which may have been involved in the antagonism 
against root-knot nematodes. Sharon et al. (2009) have reported a significant decrease in 
the galling due to application of Trichoderma spp. However, Pant and Pandey (2002) 
have reported a significant reduction in the galling caused by M incognita when T. 
harzianum was applied in soil. 
Carbendazim (Nene and Thapliyal, 1993) and nemacur (Johnson, 1985) are 
efficacious pesticides and their application usually result to considerable decline in the 
severity of wilt and root-knot and soil populations of Fusarium and Meloidogyne spp., 
respectively (Neophytou et al., 2002; Saleh et al., 2002; Agrawal et al., 2003). Soil 
population of the pathogens significantly decreased due to application of biocontrol 
agents or pesticides. Greatest decrease in the soil population of M. incognita occurred 
with the application of P. chlamydosporia followed by P. fluorescens. The P. 
chlamydosporia and the other biocontrol agents used may have suppressed the nematode 
population with the actions as explained for decrease in galls and egg masses. An inverse 
relationship was recorded between the soil populations of a pathogen and biocontrol 
agent. Soil population of the biocontrol agents increased proportionately with the 
decrease in disease severity and pathogen population. Greatest increase in the population 
of biocontrol agents was recorded for T harzianum in the wilt fungus infested plots. The 
antagonist, T. harzianum is a mycoprasite of F. oxysporum f. sp. ciceri (Singh et al., 
2002) and draw nutrition from mycelium to grow and sporulate (Pandey and Upadhayay, 
2000). Likewise, P. chlamydosporia is a parasite of root-knot nematodes (Kerry, 2000) 
and its population increased in the pots/plots inoculated with M. incognita. The fungus 
multiplies efficiently on eggs and egg masses of Meloidogyne species (Stirling, 1991; 
Khan et al., 2005a). The fungus population was greater in the plots that had nematode 
alone than together with F. oxysporum f. sp. ciceri. The wilt fungus is well documented 
to utilize feeding sites of root-knot nematodes (Francl and Wheeler, 1993), as a result the 
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nematode development and egg mass production are suppressed. Due to this less 
availability of preferred substrate (egg masses in plant infected with the fungus and 
nematode the P. chlamydosporia population could not increase as much as in the plots 
infested with M incognita alone. P. fluorescens is not a parasite of M. incognita, but 
greater increase in its population in the nematode infested soil indicates that presence of 
pathogens facilitated the bacterial multiplication. This may have occurred through host, 
especially the root exudation. Root exudates contain carbohydrates and other nutrients 
which serve as energy source for multiplication of rhizobacteria including B. subtilis 
(Scher et al, 1988). Penetration and/or infection by M incognita cause greater root 
exudation and leakage of cell contents from roots resulting to 5-12% greater increase in 
the soil population of the bacteria in the nematode infected soils. 
Synergistic interaction between root-knot nematodes {Meloidogyne spp.) and wilt 
inducing fungi {Fusarium spp.) is well established on a number of crops including 
legumes like, alfalfa (Griffin, 1986), cowpea (Thomason et al, 1959), pea (Davis and 
Jenkins, 1963), beans (Ribero and Ferraz, 1984), mungbean (Khan et al, 2002), chickpea 
and pigeonpea (Khan, 2005). The interaction between these two pathogens has been 
found to be generally synergistic (Francl and Wheeler, 1993). In such interactions the 
fusarial wilt becomes severe in presence of the nematodes resulting to significantly 
greater crop damage. In the present study also, M. incognita and F. oxysporum f. sp. 
ciceri interacted synergistically and caused greater suppression in plant growth and yield 
parameters of chickpea cv. BG 256. Severity of wilt symptoms was enhanced when both 
the pathogens were present together in comparison to F. oxysporum f sp. ciceri alone. 
Root-knot nematode infection leads to alteration in root exudation of the infected plants. 
Root exudates of nematode infected plants contain greater concentration of Ca, Mg, Na, 
K, Fe and Cu, and during first fourteen days of infection, carbohydrates are the major 
organic constituents of root exudates and nitrogenous compounds predominate afterwards 
(Van Gundy et al, 1977). According to Powell (1971) and Webster (1985) root-knot 
nematode infection predisposes the host plant to wilt fungus. During development of 
giant cells, infected roots of host plant exhibit decreased concentration of cellulose and 
lignin, and considerable increase in the amino acids, hemicelluloses, lipids, minerals, 
nucleotides, organic acids, proteins, DNA and RNA (Khan, 1993). These biochemical 
changes enrich the medium, which is the cause for rapid growth and colonization of the 
wilt fungus (Francl and Wheeler, 1993). Giant cells being rich nutritionally, serve as a 
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good site for the colonization of the fungus. The giant cells, located in the phloem act as a 
primary site for the fungus spread in xylem tissue and also to transport toxins. Wilt 
fungus produce fusaric acid and other toxins that contribute in the development of wilting 
symptoms (Bell and Mace, 1981; Click, 1995). 
Root-knot nematode M. incognita and wilt fungus F. oxysporum f sp. ciceri while 
inoculated concomitantly enhanced the wilt but root galling significantly decreased 
compared to M. incognita inoculated control. Fusarium spp. has shown strong affinity to 
feeding sites of sedentary endoparasites. The giant cells formed by Meloidogyne spp. are 
rapidly invaded by the wilt fungus utilizing its contents (Webster, 1985) as a result 
developing nematode females starve to death. In addition, the metabolites produced by F. 
oxysporum f sp. ciceri may suppress hatching of eggs and induce mortality to larvae 
(Ciancio et al, 1988). Presence of wilt and root rot causing fungi have been found to 
decrease the soil population (Khan, 1993) 
Formation of root nodules was quiet good and it further increased due to 
application of biocontrol agents. B. subtilis significantly increased the nodule count on 
chick pea. Infection by F. oxysporum f sp. ciceri and M. incognita singly or 
concomitantly decreased the number of functional and total nodules/root system in 
comparison to the control. Decrease in nodulation by concomitant inoculation was 
significantly greater than the individual effects of the two pathogens. Suppressive effects 
0^Fusarium spp. on root nodules has been observed in a number of studies (Khan et al. 
2004), apparently the fungus infected roots due to physiological and/or structural 
modifications become unsuitable for the infection by the Rhizobium and development of 
root nodules and vice-versa. The suppression may also be due to competition between the 
two microorganisms at initial stage of the infection. Fusaric acid produced by the 
Fusarium spp. may also be involved in inhibiting the rhizobium (Toyoda and Utsumi, 
1991). While in cohabitance Meloidogyne spp. also antagonise Rhizobium and cause 
decrease in the number of nodules (Huang and Barker, 1983; Verdejo et al, 1988). In the 
present study lesser number of nodules was recorded on Meloidogyne infected chickpea. 
Various explanations including competition for space and nutrition between the two 
organisms have been offered for this kind of mutual inhibitory effects (Taha, 1993). The 
suppression of root nodulation in chickpea may have occurred due to nutritional 
interference, particularly carbohydrates or physiological changes brought about by the 
nematode infection and/or competition for infection site (Taha, 1993). Number of 
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functional nodules were found to be decreased but non functional nodules increased 
significantly as a result of infection by M incognita. This may be due to invasion of 
nodules by the nematode and causing histological changes in the nodular tissue (Taha and 
Raski, 1969; Barker and Hussey, 1976; Khan et al, 2002) thereby rendering them 
nonfunctional. In fact functional nodule turned prematurly non-functional. 
^ In general application of P. fluorescens was found to be growth promoter for 
chickpea. Its application resulted to significantly greater production of dry matter and 
yield in chickpea. The bacterium is known to produce phytohormones (Pal et al, 2001; 
Gracia de Salamane et al. 2001; Manikandan et al, 2010; Neeraj and Singh, 2010), 
solubilize minerals and produce siderophores that can solubilize and sequester iron from 
the soil and provide it to plant cells (Dare and Patel, 1999; Khan et al, 2009; Kumar et 
al, 2010). Application of biocontrol agents in pure culture or crude formulations checked 
the suppressive effect of the pathogens on chickpea leading to significant increase in the 
dry matter production and yield. Chickpea plants infected with M. incognita and F. 
oxysporum f sp. ciceri singly or concomitantly produced significantly greater dry matter 
and grains with P. fluorescens treatments compared to other treatments. The treatment 
with the bacterium enhanced the plant growth and yield greater than other biocontrol 
agents used. Although decrease in the disease severity with the bacterium was less than 
other treatments but yield enhancement was greater. Apparently P. fluorescens may have 
acted through two ways (Zein et al, 2010). Yield enhancement may have occurred partly 
due to plant growth promotion and partly due to disease suppression. P. fluorescens are 
well reported to solubilize phosphorus (Kole and Hajra, 1997; Sharma, 2003) and 
produce antibiotics (Brannen, 1995; Haggag and Mohamed, 2002) which may suppress 
wilt fungus and root-knot nematode (Khan et a/.,2009) Treatments with nemacur or 
carbendazim checked the disease greater than P. fluorescens but yield enhancement in 
chickpea was less than the bacterial treatment. 
The seed treatment with biocontrol agents was found relatively more effective 
than soil application. The amount of biocontrol agents added to a microplot through soil 
application (40 g/microplot) was much greater than that carried by the seeds (5 g/kg 
seed). But with soil application, the spores/cell of the biocontrol agents dispersed in a 
greater area giving rise to a much smaller final CFU count/in soil (root zone), whereas 
with seed treatment the microorganisms remained concentrated on or around the seed and 
later on in the root zone. The germinating seeds attract rhizobacteria (Scher et al, 1985) 
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and are 2321rrapidly colonized due to profuse exudation of a wide range of amino acids, 
carbohydrates, organic acids (Hayman, 1969; Lynch, 1978). The biocontrol fungi and 
bacteria thus received greater nutrients through root exudates of germinating seeds and 
also had faced less competition and exerted more because of their preoccupation and/or 
aggregation in a limited area in close vicinity of roots, as a result the applied strains 
multiplied with a greater rate as indicated by the higher CFUs/g soil Because of greater 
CFU load/g soil, phosphate solubilization, and production of hormones and antibiotics 
would have been greater in the root zone and reflected into disease control and improved 
plant growth and yield of chickpea. 
Many researchers biocontrol agents greater than their application believe and it 
has also proved several times that sometime biocontrol agents are slow in the action and 
do not work in endemic situations under such situations chemical pesticides are applied, 
to achieve quick and effective control of a disease. Hence, integration of biocontrol 
agents along with fungicides and nematicides shall greatly enhance the effectiveness of 
the management module. For such strategy tolerant strains of biocontrol agents against 
pesticides are needed to be identified to integratewith chemical pesticides Attempts have 
been made to develop tolerant strains against carbendazim (Yang and Zhao, 1996) and 
some other fungicides (Pecchia, 1994; Cuevas et ai, 1994; Migheli et ai, 1995; Mrinalini 
and Lalithakumari, 1998)44. In the present study, compatibility of T. harzianum, T. 
virens, P. chlamydosporia, B. subtilis and P. fluorescem with two systemic and four 
nonsystemic fungicides was examined. The concentrations of 60 |ig carbendazim/mi, 
1050 ng metalaxyl/ml, 1500 ng/ml, 160 ng captan/ml and 225 ng mancozeb/ml were 
found to be safer (ED50) for T. harzianum whereas the corresponding values for T. 
virens were 40 \ig carbendazim/ml, 1000 fig metalaxyl/ml, 1720 \ig nemacur/ml, 125 ng 
captan/ml and 177 \xg mancozeb/ml. The ED90 values of thiram for growth of T. 
harzianum and T. virens were 150 and 95 ng/ml medium. Whereas, 25 and 9 \xglm\ 
concentrations seem to be safe tolerance limit (ED50) for T. harzianum and T. virens, 
respectively. Similar results have been obtained by other workers. Sharma et al. (2001) 
found 0.1% metalaxyl and 0.0065% carbendazim as safe tolerance limit (ED50) for T. 
harzianum. More or less similar values have been obtained for carbendazim and benomyl 
(Papavizas et al, 1982; Jayaraj and Radhakrishnan, 1997; Viji et al, 1997) and for 
metalaxyl (Mukhopadhyay et al, 1986; Mukherjee et al, 1989). Different workers have 
reported chlorothalonil and captan as tolerant for T. harzianum even at higher 
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concentrations upto 2000 mg/ml in spore germination tests (Abdel-Moity et al, 1982; 
Papavizas et al, 1982; Mishra et al, 2004). More researches are needed before the 
commercial integration of Trichoderma spp. with chemicals to improve effectiveness of 
the disease control module. P. chlamydosporia showed less tolerance to the six pesticides 
tested than Trichoderma spp., whereas the biocontrol bacteria demonstrated the tolerance 
greater than the fungU--Among the bacteria, P. fluorescens was found to be more 
compatible with fungicides than B. subtilis, the MTC for the former being 2500 ng 
Thiram/ml, 1600 ng mancozeb/ml and 50, 000 ng/ml for captan and carbendazim. 
Researchers have shown that some bacteria can use pesticides as nutrients and hence can 
tolerate higher concentrations of chemicals (Kishore and Jacob, 1987; Aislabie and Jones, 
1995). The biocontrol agents were also found quite compatible with the nemacyr and 
furadon. MTC of both the nematicide to the used biocontrol agents were almost equal 
with marginally lower MTC of furadon. The MTC data has shown that the biocontrol 
agents can tolerate the recommended doses of the nematicides. 
The present study has demonstrated that the three biocontrol agents namely, 
Trichoderma harzianum, Pochonia chlamydosporia and Pseudomonas. fluorescens 
effectively managed the wilt, root-knot and fungus-nematode wilt disease complex of 
chickpea. Treatment with T. harzianum satisfactorily controlled the wilt disease where as 
P. chlamydosporia was found effective against monopathogenic situation with root-knot 
nematode M inccognita. However for diseas3e complex caused by F. oxysporum f sp. 
ciceri and M. inccognita, P. fluorescens provided greater degree of disease control . In 
addition, a combination of T. harzianum + P. chlamydosporium provide equal 
management control of the wilt disease complex of chick pea. In general seed treatment 
with biocontrol agent was more effective than the soil application.The study has revealed 
the degree of disease control and yield enhancement in chickpea due to application of 
above biocontrol agents to a level that can be exploited commercially. This has 
necessitated the need to develop commercial formulation of the strains of T. harzianum, 
P. chlamydosporia and P. fluorescens used in the study. Morever, these strains were 
found considerably tolerant to the commonly used fungicide (capton, carbendazim, 
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